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ABSTRACT 

Under   the   sponsorship  of   ARPA  and   the   Office  of   Naval   Research, 

Stanford   Research   Institute   is   studying   fundamental   sensitivity   properties 

of  dif luoroamino  compounds   in   the   following   situations: 

1. The  detonation   characteristics   Including   the   shock  sensitivity 
of   the   liquid   phase 

2. The   relation  of   shock  sensitivity  and   failure diameter   to   the 
flow  and   the  chemical   reaction   rate  behind   the  shuck   front 

3. The   mechanism   and   kinetics   of   thermal  decomposition  of   the 
compounds   in  solution  and   in   the   liquid   phase. 

These   interrelated   situations  were   chosen   for   their   susceptibility 

to  analysis   in   terms   of   basic   physical  and   chemical   parameters.      Each 

study   is   being   carried  out  on   1   2-bis(d i fluoroamino)propane   (1,2-DP)   and 

2,2-bis(difluoroamino )propane   (2  2-DP),   In  order   to  assess   the   importance 

of   structural   variation.     Thermal  decomposition  studies   have  also   begun 

on   1,3-bis(difluoroamino)propane   (1,3-DP). 

A.        Detonation  Sensitivity.      The  shock  sensitivities   of  2,2-DP and   IBA 

have   been measured.      The  2,2-DP sensitivity  was   found   to  be   13.2  ±   O.S mm 

of   Plexiglas   in   lead   cups   (9.5 mm   I.D.   x   2  mm  wall).     The   IBA  sensitivity 

was  measured   in   lead   cups   (20 mm   I.D.   x 2  mm  wall)   and   found   to  be   14.4 

t   0.2  mm   of   Plexiglas.     The  effect  of   the  detonation  sensor,   a  continuous 

wire mounted   in  a   holder,   was   investigated.      It  was   concluded   that  a  wire 

reaching   to  the donor-acceptor   Interface  can  cause  an apparent   increase 

in  sensitivity,   but  a wire  reaching halfway   Into   the   test   liquid  does  not 

affect   the  sensitivity   for   the  charge   length used.      Pro«  streak  camera 

photographs  of   the  sensitivity   test,   it  appears   that   Initiation   occurs 

at   the  tube walls.      There may also be an   initiation effect,  as  yet  unex- 

plained,   caused   by   the   type  of material which  seals   the   test  cup  bottom. 

The donor-attenuator calibration has  been  checked  and  a   large amount  of 

scatter was  noted,   probably   caused  by   irreproduclbility of  the donor 

«.innponents. 

ill 
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B. Low   V« locity   Reaction   Haves.      Low  velocity   reaction  waves   have   been 

observed   in   a  mixture  of  90^   (by  weight)   nitromethane   -   10$   tetranltro- 

methane   in   steel    tubes   25.4  mm   I.D.   x   6.35  mm  wall.     The   average   velocity 

in   the   liquid   is   1.5 mm/^sec  and   the  average   recorded   shock  pressure  sbout 

13  kbars .     By  observing   this  mixture   in  sample  containers   of  CR-39   and   of 

aluminum,   steel,   and   lead,   all   equipped  with  windows  made   of CR-39,    the 

precursor  wave   in   the  sample  container walls   and   the  slower  reaction  wave 

in   the   liquid  mixture  has   been   seen.      The   average  velocity   in   the   liquid 

is   1.5   t   Ü.4  mm/^sec  and   is   independent  of   container material. 

C. Detonation   at   Lo»   Temperatures.     Two  methods   for  determining   the 

detonation   velocity  have  been  successfully  adapted   to distinguish  between 

detonating   and   nondetonatiag   phenomena  at   cryogenic   temperatures.     The 

methods   are   (1)   the-  modified   Dautriche method  which  compares   the detona- 

tion  velocity  of   a   known  explosive  with   that   of   the   test  material,   and 

(2)   the   continuous   resistance  wire method.     Both methods   confirm   that 

liquid   perfluorohydrazine  does   not  detonate  under   the   test   conditions. 

D. Failure   Diameter  and   Reaction  Time.     The  failure  diameter   for  a 

Chapman-Jouguet  detonation  wave   in   1,2-DP   in  massive   lead   confinement   is 

between   1.6 and   2.Ü mm.     Failure  diameter  determinations   for  2,2-DP and 

IBA  are   partially   completed.     The  detonation  velocity  of   1,2-DP «as   mea- 

sured   as   5.89  1   0.05 mm/usec  at   37°C with   the   liquid  confined   in  a  25 mm 

I.D.   by   6.3 mm  CR-39   plastic   tube.     Hugonlot   curves  are  being determined 

for   Plexiglas,   CR-39,   nitromethane,   and  dlfluoroamino  compounds.      Pre- 

liminary  measurements  have  been  made  of   the   reaction   time  of  nitromethane 

as  s   function  of   Plexiglas   attenuator   thickness.     Methods   for  the measure- 

ment  of   reaction   times   in difluoroamino compounds  are being  refined. 

E. Low   Pressure   Pyrolysis.     The   thermal   decomposition  of   1,2-DP and 

2,2-DP  has   been   studied   by   passage  of  amall   quantities   of   the  compounds 

into s  bested  quartz,  vessel   at   pressures  so  low  that  only  gas-wall   col- 

l isions   occur.     Products  emerging  by diffusion «ere  analysed  by a mass 

spectrometer.     Results  of  preliminary observations of   1,2-DP and  2,2-DP 

decomposed   st  600-900°C  show  that   (a)  2,2-DP decompoaea   faster   than   1,2-DP 

Iv 
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in uur system; (b) decomposition of 1,2-DP gives as one of the major re- 

action paths:  CSHC ♦ 2NPS; (c) most of the main features of the 1,2-DP 

decomposition can be accounted for by assuming an initial NPS split out, 

followed by rearrangement; (d) under these conditions there seems to be 

no need to propose a homogeneous HF elimination for either 1,2-DP or 

2,2-DP; and (e) there is no evidence for catalytic decomposition of either 

compound on the quartz walls. 

F,   Decomposition of NF Compounds in Solution.  Early studies suggested 

that the thermal decomposition of NF compounds proceeded through a dehydro- 

fluurination catalyzed by acid, base, or both.  Studies during this report 

period in icK dioxane-water at 50s with 1,2-DP show thau there is no 

acceleration of decomposition by addition of HC1 and thus, at least under 

these conditions, no acid catalysis.  The dehydrofluorination of NF com- 

pounds is most likely promoted by water, acting as a base in the elimina- 

tion reaction.  Experiments in methanol-d ahow that the elimination is 

probably a concerted one. 

Studies with 2,2-DP indicate that for these same conditions it is 

completely stable.  The 1,3 isomer, from a qualitative study, decomposes 

more slowly than does 1,2-DP.  Furthermore 1,2-DP and 1,3-DP readily 

undergo dehydrofluorination in the preaence of base. 
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I       INTRODUCTION 

Tht-   word   sensitivity   implies   a   quantitative  measure  of   the   ease  of 

inducing   in   a   material   a   rapid   exothermic   chemical   decomposition  accom- 

pnmed   by   a   pressure   rise   of   sufficient   magnitude   to  be   destructive. 

Many   empirical   tests   devised   to  measure   sensitivity   fail   to   correlate, 

are only   partially  satisfactory   as   predictive   tests,   and   give   little 

fundamental    information.     Moreover,    the   results   of   such   tests   are  not 

interpretable   in   terms   of   basic  physical  and   chemical   behavior. 

There   are   two  reasons   for   this   unsatisfactory   state  of   affairs. 

First,   many  of   the   tests  are   so  ccmplicated   that   they   cannot   be   reduced 

to   the   basic   physics   and  chemistry   of   the  system.     Fro«   the   results,   one 

cannot   analyze   the  physical   events   reliably  enough   to deduce   the  chemistry; 

nor  does   one  know   the  chemistry wel 1   enough   to  be  able   to   interpret   the 

results   in   terms  of   the  applied  disturbance.     Second,   there   are  several 

different   kinds   of  events   the   results  of  which  can  be   termed  explosive. 

For  example,   a  given  high  energy   liquid  chemical,   depending  upon  circum- 

stances   and   upon   its   chemical   and   physical  characteristics,   may  undergo 

one  or more  of   the   following  kinds   of  exothermic   reaction  accompanied   by 

a   very   fast   pressure  rise:     a  detonation wave   In   the   liquid   phase;   thermal 

decomposition   in   the   liquid  phase  uniformly   throughout   the mass;  vapori- 

zation  of   the   liquid,   followed   by  a  detonation wave  In   the  gas  phase; 

vaporization  of   the   liquid,   followed   by   thermal  decomposition   In   the gas 

phase;   vaporization of   the   liquid,   followed   by   Initiation  of  a deflagra- 

tion wave   in   the gas   phase,   and   then  by  ignition  and deflagration  In   the 

liquid   phase. 

The   reason  for  the   lack  of  correlation  of   the empirical   sensitivity 

tests may  often  be  that   the   tests  are  concerned with different  events   In 

the   lists   above,   i.e.,   different  paths  of decomposition.     A  card-gap  test 

presumably  measures   sensitivity   to detonation  of   the   liquid   phase.     A 

dtop-weight  or  Impact   test may   reflect,   at   least  la part,   the ease of 

thermal  decomposition of   the   liquid   phase.   I.e.,   ignitabl11ty.     The hot- 

wire   test  may messure   the ease with  which  the   liquid  vaporizes  and   Ig- 

nites   in   the  vapor  phase.     Ignition   In  vapor  phase may  be   reflected   by 
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the adtabatic c-omprcsslon test.  Thermal stability measurements may re- 

flect liquid phase decomposition kinetics. 

Clearly, it is desirable to define precisely the event during any 

sensitivity measurement.  In order to predict with assurance the kind of 

explosive behavior to be expected of a material under a given set of clr- 

rumstances, one should know: 

1. Thermal stability in terms of liquid phase decomposition 
kinetics 

2. Dctonability of liquid phase, i.e., whether it will support a 
detonation wave, and the failure diameter for detonation 

3. The necessary conditions for initiating a detonation wave in 
the liquid phase 

4. Deflagrability of the liquid phase, i.e., the conditions of 
pressure and geometry, if any, under which the liquid supports 
a deflagration wave at its surface 

5. The necessary conditions for initiating a deflagration wave 
at the liquid surface 

6. The decomposition klnetica of the vapor phase 

7. Dctonability of the vapor phase 

8. The necessary conditions tor initiating a detonation wave 
in the vapor phase 

9. Oeflagrability of the vapor phase 

lO.   The necessary conditions for initiating a deflagration wave 
in the vapor pha 

In this work we have been primarily concerned with obtaining experi- 

mental information for simple NF compounds which relates to the first thr« 

decomposition paths listed above.  A part of the effort to obtain quanti- 

tative data on the critical diameter for detonation, detonation velocity, 

and detonation sensitivity of selected liquid propellants.  In addition, 

thermal decomposition kinetics and mechaniama, and their relationship to 

detonation phenomena are being studied to obtain a more complete under- 

standing of the decomposition paths available to an exploding liquid.  We 

2 
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expect    thf   information   on  decomposition   kinetics   to   be  useful   in   under- 

standing   and   predict in|{   sensitivity   in  other  experimental   situations. 

The   program   is   divided   into   three   interrelated   parts: 

1. Detonation   studies   of    liquid   ditluoroamino   compounds 

2. A   study   of   the   relation   of   shock   sensitivity  and   failure  di- 
ameter to   the   f lo\»   and   chemical   reac'ion   rate  behind   the   shock 
front 

3. Thv  mechanism   and   kinetics   of   thermal   decoMpos1tion   of dl- 
f luoroamino  compounds. 

The  detonation   studies    (l)   include   (a)   measurement   of   the  shock 

sensitivity  of   the  difluoroamino  compounds  of   interest;    (b)  determination 

of  whether  or  not   the  compounds   exhibit   low-order  detonation  and,   if   so, 

the   necessary  conditions   for   initiation;    (c)  modification  of   the  JANAF 

sensitivity   test   so   that   it   will   be  more meaningful   and  more  adaptable 

to   conditions   of   extreme   temperature   and   pressure. 

The   ultimate  objective  of   the  physics   and   chemistry   of  detonation, 

(2)   above,   Is   to  relate   initiation  and   failure   behavior   to decomposition 

kinetics.     This   involves:    (a)  demonstration   of   steady  detonation  of  di- 

fluoroamino   liquids;    (b)  measurement   of  detonation   velocities;   (c)  calcu- 

lation  of  detonation  properties;    (d)  measurement   of   failure diameters; 

(e) study  of  events   in   the   liquids  as   shocks   of   various  magnitudes  enter; 

(f) measurement  of   reaction   times   at   pressures   and   temperatures  compara- 

ble   to   those  encountered   in   initiating  shocks;   (g)   study,   where  possible, 

of   the  equation  of   state   of   the  unreacted  materials   and   the divergence  of 

the   reactive material   in   the  wave.     Part   (3),   in  addition   to  providing 

rate  data   for  the  models   of   detonation  behavior,   will   provide   information 

for   understanding   the   relationship  between  chemical   structure  and   sensi- 

tivity. 

The  compounds   chosen   for   this  study  are  as  simple  as   possible 

structurally  and  at   the   same   time   have  physical   properties  which permit 

their   use   in  each  phase  of   the  study.     The model   compounds  are  the 
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bis(difluoroamino)   isamers   of   the  propane   series,   primarily   1,2-  and 

2,2-bls(dlf luoroanilno)propane   (1.2-  and   2,2-DP)   and   1,2-bls (dl f luoro- 

nmi no )-2-inc>thy 1   propane   (IBA).      These   compounds   are   being   used   so   that 

the   Information   from   each  experimental   technique  can  be   Interrelated 

without   having   to  account   for differences   In   compounds,   such  as   func- 

tionai   groups,   carbon  content,   and   chain   branching.     By  employing   Isomers, 

structural   effects   on   the   results   in   a   particular   technique  can   be  de- 

tcrmincd--for  example,    the differences   between   vicinal   and   geminate  dl- 

fluoroamino  groups,   and   their  position  on   the  carbon  chain. 

The   previous   quarterly   report   reviewed   and  discussed   the  experi- 

mental   information   obtained   with   respect   to  detonabi1ity,    low   velocity 

reaction  waves,   and  decomposition  kinetics   of   several   bis(difluoroamino )- 

propane   isomers   and   IBA,   and   the development  of  a   booster   test  method   for 

low   temperature   application. 

This  Third   Annual   Report  emphasises   the most   recent work on   the 

modified  JANAF  sensitivity   test,   and   the   recent   results  from  studies  of 

detonation  sensitivity  calibration,   failure diameter,   low velocity   re- 

action  waves,   and   decomposition  of   1(2-  and   2,2-bls(dIfluoroamino)propane 

(1,2-  and  2,2-DP)   and   1.2-bls(difluoroamlno )-2-methy1   propane   (IBA). 
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II      DKTONATION   SENSITIVITY 

A . Int rodut't ion 

Unrlng   the   past   year   the   shock   sensitivities   of   2,2-DP and   of    1BA 

have   been   determined.      The   effects   of   the  detonation   sensor  and   of   charge 

diameter  on   apparent   sensitivity   and   the  method   of   initiation   in   the 

sc-nsitivity   test   have   been   i nves t igattH) . The  donor-attenuator  calibra- 

tion   used   for   the   shock   sensitivity   test   has   been   checked. 

B. Background 

The description   of   the  gap  test   used   to  determine     shock  sensitivity 

has   been   published   in   previous   reports.1     The  CRISP apparatus*   and  witness 

plates   »ere   used   to  detect   detonation. 

C.        Experimental   Procedures   and   Results 

1.        s-nsitivity   Measurements 

The   failure  diameter  of  2,2-DP was   found   to  be   less   than   S mm   in 

lead   cups   of   1  mm  wall;   the   sensitivity  was  measured   in  9.5 mm   I.D.    lead 

»ups  with  2 mm wall.      The  measured  sensitivity   is   13.2  ±   0.5 mm. 

The   failure diameter of   ISA was   found   to   lie  between   10 and   15 mm 

in   2   mm  wall   lead   cups   and   the   sensitivity   was   measured   in   20  mm   I.D.   x 

2  mm wall   lead   cups.      The  measured  sensitivity  of   IBA   is   14.4   t   0.2 

mm.     Table   I   summarizes   the   sensitivities   of   nitromcthane,   1,2-DP,   2,2- 

I)P,   and   IBA. 

The  sensitivities   are  not   being   reported   in   terms  of  pressure   for 

the   following   reasons:      (1)   It   seems  probable   from  Seely's  work9   that 

'Technical   Progress   Report   64-2,   Annual, March   15,   1963   to March   14,    1964 

'A.   B.   Amster,   P.   A.   Kendall,   L.   J.   Veillette,   and   B.   Harreil.   Re*.   Sei. 
Instr.   3±,    188   (I960). 

3Technical   Progress   Report   65-1,   Quarterly,   September   16  to  December   15, 
1964,   Sect.   V-C. 
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Table   I 

LIQUID   SENSITIVITIES 

Liquid 
Stnsi 11vlty Confinement-Lead Tubes 

Attenuator (mm) 
I.D. 
(mm ) 

Wall Thickness 
(mm ) 

Ni tromcthanc 11.1 ! 0.8 25.4 3.1 

1,2-DP 15.8 ! 0.6 See Table III 

2,2-DP 13.2 + 0.5 9.5 2 

IBA 14.4 *   0.2 BO 2 

the  maKnitude  of   the  axial   shock   at   the  50<£  point   is   lower   than   that 

required   to  cause  hcimogeneous   initiation.      Initiation  near   the  504   point 

appears   to  be   caused   by   shock   interaction  with   the  container walls  and 

thus   is   not   simply  a   function   of   the  axial   shock magnitude.      (2)     The 

riot   Kap   thickness   is  much more   reproducible   than   the   50$  pressure.     The 

reason   for   this   is   not   known,   but   the   precision  of   the  SO^t  point   thick- 

ness   suggests   highly   reproducible   pressures   for a  given   thickness which 

are  not   borne  out   by   the   pressure   versus   thickness   calibrations.     This 

is   illustrated   later   in   Figs.   3   and  4. 

The  effect  on  apparent   sensitivity  of  using  a  CRISP wire  mounted  on 

a   holder   (Fig.   1)  was   investigated;   two   lengths   of  sensors,   one   that   ran 

the  entire   length  of   the   tube   and   the other  only  half  way   to  the donor 

were  employed.      The   liquids   used   were   nltrumethane   and   1,2-DP.      The   re- 

sults   for  ni trome thane  are  given   In  Table   II.     The  half-length wire  and 

the witness   plate give   the  same   results,   which differ  significantly   from 

those  obtained   using   the   full-length wire.     Because  of   shock  interaction 

with   the   full-length wire  a  weaker  incident  shock   in   this   configuration 

is   as   effective as a   stronger  shock  in   the absence of   the   sensor.     For 

1,2-DP   the   full-length wire,   the  half-length wire,   and   the witness  piste 

give  essentially   the  same  sensitivities.     The  assueptlon   that   a  half- 

length  wire will   cause no spurious   initiation   in   the general   caae   is  not 

completely   Justified,   however.     Consider,   for  exaaiple,   a   low  velocity 
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FIG. 1    SENSITIVITY   TESTING   WITH   CONTINUOUS  WIRE 
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Table II 

EFFECT OF SENSOR UPON APPARENT SENSITIVITY 

Liquid-                  Nitromethane 

Confinement:      Lead   cups,   25.4  mm   1.0.   x   3.1  mm  wall   x   lOO mm   long 

Donor:                    Plane  Wave  Generator  ♦   1   tetryl   pellet 

Sensor 
Sensltlvlty 

Attenuator    (mm) 

Full-length  wire 

Full-length  wire 

Witness   plate 

16.1   t   0.4 

11.8   ±   0.4 

12.1   ±   0.4 

wave, such as reported by Van Dolah4 and others.  Even at a considerable 

distance from a shock source such a wave might undergo a transition to a 

high velocity detonation upon interacting with an i nhomogeneity.  However, 

Mason reports5 several experiments in which wire sensors have been used 

as  detectors of low velocity waves, and in no case did the wire cause a 

transition to a high velocity wave.  We have repeated these experiments 

vith similar results.  Therefore, we feel that sensitivity tests conduc- 

ted with a half-length sensor give valid results.  Consequently, all 

sensitivities reported herein have been obtained using the half-length 

wire, unless otherwise noted. 

The sensitivities we have measured have, in all cases, been at dia- 

meters greater than 1-1/2 times the failure diameter, for at such dia- 

meters the sensitivity has a maximum value.  To confirm that the choice 

of test diameter is consistent with the goal (for safety) of reporting 

the maximum sensitivity, we have repeated tests on 1,2-DP uaing other 

diameters.  The results are summarized in Table III where the average 

4 R. W. Van Dolah, R. W. Watson. P. C. Gibson. C. M. Mason, and J. Ribovich, 
"Low Velocity Detonation in Liquid Explosives," Proc. International Con- 
ference on Sensitivity and Hasards of Explosives, London - October 1963 
(Ministry of Aviation). 

5 C. Mason, U.S. Bureau of Mines, Private Communication. 
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Table III 

EFFECT OF CHARGE DIAMETER UPON SENSITIVITY 

Compound.               1,2-DP 

Confinement'      l.< .ul   rups 

Donor:                      Plant-   wave   n« in lator   ♦   1   tftryl   pellet 

S»'nst)r                    Halt-length  CRISP wirf   mmnmor 

Cup  Dimension»   (nim^ S < -n * i t i v i t y 

I   D Wall Length At »enuator   (mm ) 

10 

19 

24   5 

2 

2 

2-3 

100 
1ÜO 

100 

15,9   ±       .6 

15.3   t    1.0 

16.1   1       .4 

Average  =   15.8 ±       .? 

deviatioiiH arise from having run a minimum of teat« to conserve material, 

rather than from i on tradictIons in resulta.  The reaults are essentially 

consi Httvit and thus »e are assured that the requlrciaent for testing at a 

sul ft« lently large diamett-r ha» been met for the 1,2-DP.  Tet*t diameters 

thosen for 2,2-DP and IBA were »elected using the same criteria as for 

l,2-i)P  and it is assumed that the results are equally valid. 

2 Detonation   Initiation 

To  establish   »here detonation   originates,    initiation   of   1,2-DP   In 

the   standard   Kap   test   geometry  was   attempted   in  25.4   mm   I   D.   x   3.5  mm 

wall    lead    tubes   51  mm   long  with   14   U mm   of   Plexiglas   attenuation   (the 

.>(>'   point   la   15.8  mm)       However,   using   the   streak  camera   to   look  down 

into   th«    tube,   no detonation   light   was  obaerved.     Similar   shots  with 

n i tromcthane   using   a   slanted   cover  glass   to  eliminate   the  m€>ntscus   es- 

tablished   a      r>oT"   point   of   3  8   to   5.1  mm   of   Plexiglas   using   light   as   a 

criterion   for detonation.     On   the  other  hand,   using  witneas   plates   or 

half-length   CRISP  wire  we   have   found   the   504   point   to   be   12   U  mm.      Figure 

2   shows   a   streak   camera   photograph   of   a   shot   In  which   3.8  am   attenuation 

«as   u-< <l In   this   shot   the  detonation   is   initiated   at   the   wall   of   the 
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TIME 

FIG. 2    DETONATION   INITIATION   IN   NITROMETHANE 

tuhc>.      In   these   tests    a    6 ml 1   steel   shim  was   used   to  seal   the  bottom. 

Kt-placing   the  steel   shim   by  2  mils  of  Magic  Mending  Tape,*   the detonation 

light   "50i"  point   is   6.4   to 9.4  mm  of  Plexiglas   for  nitromethane  and   the 

reaction   is  again  wall-initiated.     Table   IV summarizes   these  results, 

»huh  »e  are  presently   at   a   loss   to  explain. 

Trade  Mark  -  3M Company. 
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Table   IV 

CAP   SENSITIVITY   OF   NITROMETHANE 
IN   I.D.    LEAD TUBES 

25.1   mm   x   3.3  mm   «all    thi«kiuss 

Method   of   (»bBervinn 
Detonation 

ti   mil    Steel   Shim   (SS)   or 
2  mil   Magie  Mending   Tape   (MMT) ' 

Used    to  Seal   Bottom 

Sensitivity           1 
(mm   of   Plexiglas 

Attenuator)           | 

Half-length  CRISP 

Witness   Plate 

Detonation   Light 

Detonation   Light 

SS 

SS 

SS 

MMT 

11.8   t   0.14 

12.1   ♦   Ü. 14 

3.8-5.1 

6.4   -   9.4 

3 Attenuator  CalibratiiHi 

Figure  3  shows  a   new   series   of  calibrations  of   the  donor   system 

used   in   the   gap   test   using  mirror   cut-off  mt'asurementt»   described   pre- 

viously.*     The   open   figures   define   calibrations   using   an   explosive   train 

consisting   of   a   1^   imh   plane  wave   generator   boostering   a   tetryl   pellet 

(1-5/H"  diameter  x   l"   thick),    i.e.,    the   type  of   explosive   train   used   in 

nil   Kap   testing   reported   here.      The closed  circles  define  calibrations 

using   two   such   tetryl   pellets.      Note   that   there   is   no   grouping  of   the 

data   on   the   basis   of   the   two   types   of   explosive   train.      A  cunparison   of 

the   gap  sensitivities   of   several   explosives   for   the   same   two donor  systeais 

is   contained   in   Table   V.      Here   It   is   seen   that   the   two  donor   systems   pro- 

duce  equivalent  gap  values.      It   is   therefore  concluded   that   the   two sys- 

tems   are   equivalent   in   the   gap   teat. 

Figure   4   shows   a   previous   calibration  of   the  card   gap   test   used   to 

obtain   .»«>'   point   pressures   of   previous   reports.7      The   pressures   for a 

c   Technical   Progress   Report   64-4,   Quarterly,   June   15   -   September   14,    1964, 
P.   3. 

7   Tt-thmcal   Progress   Report   64-4,   Quarterly,   June   15   to  September   14,    1964, 
p.   io. 
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FIG. 3    CALIBRATION  OF  CARD  GAP   TEST 

Table V 

GAP SENSITIVITIES   FOR TWO DONOR SYSTHHS 

10 II 12 

r«  40ti   • 

Compound 

Sensitivity                                         1 
(mm of  Plexiglas   Attenuator)                   ] 

Plane Wave Generator 
and   1 Tetryl  Pellet 

2 Tetryl   Pellets 

Comp  B 

RDX 

Nltromethane 

Tetryl 

34.4  ±   0.4 

41.d  ±  0.4 

11.1 ± o.a 

49.4  ±  0.4 

33.9  •   0.6 

40.S  t  0.6 

11.4  ±   0.3 

S3.1  ±   1.3 
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K>ven  gap  thickness  are  higher  than   those   In  Fig.   3.     This may  have  re- 

sulted   from   ualng  a   ne»   batch  of   tetryl   pellets   to obtain   the  calibration 

of   Pig.   3.      In   both  calibrations   the  major  source  of   acatter  probably   la 

the   1rreproduclbl11ty  of   the donor  components. 

D.        Future  Plans 

Shots   In   steel   hypodermic   tubing  of   1.2,   3.7,   and   5.0 mm   Inside 

diameter are  planned   to  establish   the   failure diameter of   1,2-DP and 

2,2-l)P   in   thln-walled   confinement.     We   have   found   the  failure diameter 

of   IBA   to  be   10-15 mm   in   lead   tubes   bu»   have  established   no   lower   limit 

for   the   1,2-   and   2,2-DP.      By   observing  case  expansion  with  a   framing 

camera  and   using   ion 1 nation   probes  at   the  ends   of   the   tubes,   we  hope   to 

measure detonation   velocities   which will  be  uaed   to determine  if det- 

onation occurs. 

Further  observations   of  detonation   light  produced  by  nltromethane 

and   the NF compounds   in 25.4  mm  I.D.   lead  cups  using various  attenuationa 

are  planned.     Witness  plates  and  the streak camera will  be used on   the 

same  shot   in order   to see   if   the  two detonation observation methods   lead 

to different  apparent  aenaitivities. 

14 
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ril       um   VKUK'ITY   RKACTION   HAVES 

Int IIKJIK t i on 

Th«-   purp*»«!'   of    this   uork   i«    to   <1< tinrun«-    if    thf   NF  compoundK   art- 

■ble   to   sustain   a   lo»   velocity   n-action   rcKimf   which   would   be   as de- 

structive as   a   hinh   velocity  detonation.     Experiments   have  been   run   on 

n i t riHtic t hane   and   a   90*    (bs   w«iKht)   ni t rtwnc thane   (MM)   -   lO^f    tetranltr»»- 

nuthan«-    (TNM)   mixture   in   order   to  develop methods   of   observation. 

B. MackKround 

It   has   been  established   that   conventional   gap   tests   with   a   witness 

plate   and   even more   sophisticated   gap   tests   using   continuous   wire   tech- 

niques   detect   only   high   velocity  detonation  waves.      It   has   also   been 

established   that   with   certain   liquids,   explosions   whose   linear   propaga- 

tion   rate   is   in   the   vicinity   of   2   mm/^sec   can   be   reliably   initiated. 

These   lam   velocity   waves,   which   are   not  detected   by   gap   tests,   art  of 

the   same   order   of   violence   as   the   high   velocity   ones   and   can   be   initi- 

nted   with   relatively   weak   shocks--certainly  much  weaker   than   those   re- 

quired   to   initiate   conventional   high  velocity  detonations. 

Van   Dolah   and   co-workers   at   the   Bureau  of   Mines   have   reported4   their 

work   with  mixtures   of   nitroglycerine   (NG)   and   ethylene   glycol   diniträte 

(UDIf),   and   of  nitromethane   (NM)   and   tetrani tronethane   (TNM).     Their  ex- 

periments   consist   mainly   in   subjecting   samples   of   these   liquids   to  rela- 

tively  weak   shocks,    thereby   initiating   low  velocity  wave»  which   they 

report   to   be   stable.      They   have  measured   pressures    in   these  waves   and 

report   them   to be   of   the   order   of   S  kbars.     Also,    in   a   series   of   back- 

lighted   schlieren   photographs   they   have  been  able   to examine   the  precur- 

sor waves   to   rc-action   in   the   NG-EGDN mixture.     Their   results   using dif- 

ferent   types   of   confinement   led   them   to  postulate  a  mechanism. 

starting  with   the   liquid   confined   in  a  steel   tube  and   subjected  at 

one   end   to  weak  shock.   Fig.   a   Is   their  pictorial   representation  of   the 

steady   state   for the   set   of  coordinates   in which   the  camera  observer 

moves   at   the  detonation  velocity. 

15 
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FIG. 5 PICTORIAL REPRESENTATION OF A STEADY STATE LOW-ORDER 
DETONATION IN A CONFINED LIQUID EXPLOSIVE 

(1) The undisturbed liquid In Section "AA" moving along the 
particle paths "uu" la first compressed by the shock waves 
delivered to the fluid by the precursor wall shocks located 
at  BB. 

(2) The compressed fluid then moves Into an expanded region, 
beginning at "CC," where the wall begins to move outward 
due to the pressures generated In the reaction zone. 

(3) The liquid continues to expand and eventually cavitales 
in the region of "DO," 

(4) The cavltiea grow until they encounter the preasure field 
in the liquid near the reaction zone.  This point la labeled 
"E" in the figure. 

(5) On entering the preaaure field at "EE," the cavities collapse 
generating the high pressures and temperaturea neceaaary to 
cauae auatained chemical reaction. 

The reaction zone can then be visualised aa the combined effect of 

a multitude of microscopic reaction centers.  Hie important feature of 

this model is the hypothesis that a low pressure region exists behind the 

precursor wall shock and ahead of the preaaure field due to the reaction 

/<>ne.  This may occur if the initial expansion of the container wall takes 

16 
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place  at   a   point   apprf<-1 ably   ahead  of   the   reaction   rone which,    in   turn,   can 

occur   if   the   velocity   of   such  »avet»   in   the  wall  material   is  greater   than 

the   velocity   of   weak, Hhocks    (near  sonic   velocity)   In   the   liquid.      This 

model   offers   an  explanation  €>f  Van  Oolah's   observation   that   low   velocity 

reactions   in   lead   tubes   and   in   tubes  with   thin  walla   are  unstable. 

In   contrast   to   these   experiments   with  weak   shocks   we   have   Seely't» 

experiments3   »ith   the  difluoroamino compounds   using   very   strong   shocks. 

He   reports   the   initiation  of   low  velocity  wavea   in  diameters   below   the 

normal   failure  diameter   but   suggests   no  mechanlam   for   the   process. 

Thus   the  current    literature  offers   such  considerable evidence   that 

the  occurrence  of   low   velocity  detonations   can  no   longer  be  seriously 

questioned.     What   remains   is   to  establish   the mechanism  so   that  predic- 

tions   of   behavior  can   be  made   in  situations   of   interest. 

C. Experimental   Procedures   and  Results 

In   the development   of   suitable  experimental   techniques  our   first 

measurements   were  made  with   a   10^   (by  weight)   TNM-90<|  Nil  mixture.      Mea- 

surements  »ere  made   in   (a)   instrumented   steel   tubes,   and   (b)  windowed 

cells  with   rectangular  cross   sections   in  which   the   processes  were   photo- 

graphed . 

The  arrangement   utilizing   the   instrumented   steel   tubes   la   illustrated 

in   Fig.   6.     The  donor  system  consists   of   a  Composition  C-2  plane  wave gener- 

ator     followed   by   a   1-5/8-inch-diameter  x   1-lnch-thick   tetryl   pellet.     The 

attenuator   is   a   1-5/8   inch-diameter  Plexiglas   pellet.     We estimate   that 

this   produces   approximately  a   30-kbar   shock  wave   in   the   liquid  acceptor. 

The   pressure gauge*   la  of   fine manganin wire mounted   carefully  ao  aa   to 

be  exactly at   the   surface  of  an epoxy diac.     The   impedance of   the  epoxy 

is  essentially   the  same  an   that  of   the   liquid  and,   because of  the   fineness 

of   the  wire,   the   liquid  attaina   the  pressure  of   its  environment within  a 

period  much  ahorter   than  a  microsecond.      Prom   the  change   in   reaiatance  of 

the  wire  one  can   calculate   the   pressure  of   an   Imposed   shock wave. 

'I).   D.   Keough,   D.   Bernstein,   and  R.   P.   Williams,    "Pieroreslsti ve   Pressure 
Transducer,"   ASME  Publication  64-WA/PT-5. 
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f ILLiNG VENT r If 

^        RESISTANCE   MEASuMiNG   LEADS   TO   CRO 

C POX V     MATRIX 

MANCANIN    WIRE    GAGE 

STEEL    TUBE. 2S4 mm lO ■ 300 mm   LONG 
■   6 )S mm   «TALL 
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PLEXIGLAS.   41 S  mm   dioi 
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fli   «O*'    l 

FIG. 6    TEST  ARRANGEMENT   FOR  STUDIES  IN   STEEL   TUBES 

Subsequent   to  initiation  of   the explosion,   an  oacilloscope  ia 

triKKered   by  a  awitch  at   the   tetryl-Plexlglaa   interface.     The data   re- 

corded  give   the  pressure  of   the wave   reaching   the cauge and   the   tranait 

time  of   the wave  from   the  awitch  to  the sauge  aurf ace.     The   tranait   time 

through   the  Plexiglas   and   the  aaaple   length are known.     Conaequently, 

the   average  velocity of   the wave  to which  the gauge   reaponda   can  be 

calculated.     The  reaulta  are   Hated   in Table VI  and  conflnn   the occur- 

rence  of   theae   phenomena. 
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Table   VI 

U)*   VELOCITY   PROPAGATION 
ILK   TNM-9(H   MM   IN   STEEL  TUBES 

Record   No. 
Attenuator 
Thi ckness 

mm 

Average 
Veloci ty 
in   liquid 
mm/iisec 

Recorded 
Shock 

Pressure 
kbars 

Pulse 
Duration 

123 25.4 1.9 

132 50.M 1.7 16 

14163-2 50 .■ 1.8 14 ~-15  ^sec 

14164-2 50.8 1.1 10 

14164-3 50.8 1.1 5* 

Unreliable  value  due   to   instrumental  difficulty. 

In  addition   to making   the  pressure  Measurements,   we  have   tried   to 

mcnsure  velocities   with   the  continuous  wire.     Apparently   the  shock   torn- 

pt i.itm«    and,    therefore,   the  extent   of   Ionisation  were  very   low,   for  no 

data   »ere   recorded.     Also,   from  Record  No.   14163-2   (the gauge   used   In 

this   test   functioned   properly   for  45  t*aec),   we  were  able  to establish 

that,   in  at   least   this  one case,   the   pressure was  maintained   for about 

15  kisec. 

The   tests  with   the  windowed  cells  utilized   the  apparatus   shown   in 

Vigm,   7  and  8.     The  same   shock donor was   used  aa   in   the previous   teats 

with   the  steel   tubes.      The  optical   system   provided   a  shadowgraphlc  rec- 

ord of  the   refractive   index  changes within   the   liquid during   the   traaait 

of   the  shock  and   the   reaction wave. 

The   results   of   a   typical   teat  are   further  evidence  that   low  velocity 

processes   occur.      Figure  9   includes   four   frames   selected   from   the  sequence 

of   twenty-five  obtained  during one experiment.     The  first  picture shows 

the  undisturbed  charge.      (What  appear   to be  a  bubble on  the  bottom and 

irregularitiea   of   the  wall   aurface were.   In   fact,   small amounts  of  the 
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10 cm 
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FIG. 7    TEST   ARRANGEMENT   FOR 
OPTICAL   STUDIES 
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FIG. 8    SHADOWGRAPH   TECHNIQUE   FOR   LOW  VELOCITY 
WAVE   STUDIES 
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START — 0 MMConds ~6 ^iMCondt SHOWING PRECURSOR 

SHOCK WAVE  AND STRUCTURED 

REACTION   ZONE 

~ 10 M**cond> SHOWING  PRECURSOR - I« pMCondt SHOWING  HIGHLY 

SHOCK WAVE. MULTIPLE  REFLECTIONS,      STRUCTURED  PRECURSOR WAVE 

AND REACTION   ZONE AND  STRUCTURED REACTION ZONE 

FIG. 9 PHOTOGRAPHS OF LOW VELOCITY 
PROPAGATION IN STEEL 
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ceaent   u^cd   to attach   the   pla.-    ic   ,»,   »he  steel.     They  had  no effect 

upon   the   propagation.)     The   second   frames-taken   6  ^sec   later—clearly 

shows   the  precursor  waves   as  well   as   a   structured   reaction   zone.     The 

third   frninc--lü   ^st-t    after   the   first—shows   the  more   highly  developed 

precursor   region   followed   by   the   reaction   zone.     The   fourth   frame—16 

usec   after   the   first--shows   a   continuation  of   these   phenomena   plus  a 

number   of   bubbles.      Actually,    the   first   bubbles   become   visible  about 

12   to   14   usec  after   the  stage   shown   in   the   first   picture.      In  none  of 

these   pictures   have  we   been   able   to detect   expansion  of   the Metal   wall. 

Thus   the  photograph   shows   a  wave which  has   the   characteristics  of 

Van  Dolah's   bow  wave   proceeding   through   the   liquid,   with  a  velocity 

—5.9  mm/^sec,   approximately   the  sonic  speed   of   the   steel.     Moreover,   we 

see  a   rather  highly   structured   reaction   zone  which   forms   well   behind   this 

bow   wave   and   has   a  much   lower   velocity,   —  1.7   mm/uscc .      It   is   apparently 

this   second   regime   to  which   the   pressure  gauge   responds   in   the other 

shots .     We  have   not   yet  detected   evidence  of   bubble   formation  or  of  ex- 

pansion   of   the   tube  prior   to   reaction.     We  cannot   emphasize   too  strongly 

that    these  conclusions   are   interpretations  of   only   the  very  beginning  of 

an   extensive  program,   but   it   seems   likely   that   there may  be  some  aignif- 

i<ant     difference   between  our   results  and   those   reported   by  the  Bureau 

of   Mines. 

To   find  out   if   confinement  materials   of  various   physical  properties 

and   thicknesses   have   any  effect   on  LVD,   various  materials  were  used   for 

the   side  walls  of   the  windowed   sample  containers   (Fig.   7).     These   side 

walls   were constructed  of   1/4   inch and   1/16   Inch   thick sections  of   lead, 

steel,   aluminum,   and   CR-39.     One-sixteenth   inch   thick  CR-39 windows  were 

used   in  all   cases.     The  wave  structure  Is   as   shown   in   Pig.   9   for  Al, 

steel,   and  CR-39.     For   lead   the  structure   Is   as  shown   In  Fig.   10  in which 

there   is   no  precursor   shock   feeding   into   the   liquid   from   the walls.     The 

results   are  presented   graphically   in   Fig.    11-16,   where  the  velocity  of 

the   leading  edge  of   the   low  velocity  wave  or  structured   reaction   zone 

^see   Fig.   9)   is  plotted   against distance   into   the  charge.     Since average 

velocity   is   calculated   from   the distance   traveled   between   frames   in   the 
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framinti   camera   aequence,    thit>   velocity  has   bvtn   nrbitrarily   assmiu«!   t«> 

th«    mld^point   «»(    th«-   »av»-   p«>M t ions   in   adjacent   1 ramt-s.      Tht-   observed 

f lii< tuations   oj   about O.I   ■ni/i^.scc   arc   in   large-   part   due   t<>  subjective 

reading   error  cauacd   b\   d i f f ust-ncss   of   the  uavc   front. 

Th«-   follovLinK   «tm«-1 u» ions   may   be  drawn   from   these  graphs:      (1)   Th« n- 

is   no   ippiiant   difference   in   bebnvior «»f   the-     avt-s   »n   l/4   i nt h  versus 

1/ltt   inth   confinement    in   aluminum,   steel,    lead,   or rR-39   for   the  mixture 

or   pure   n I t rt »methane .       (2)   H i th    l/l    inch   steel   and   aluminum   and   « i th    1 

Inch   of   Plexiglas    11 t < lui.i t i i>n   the   lo»   velocity   »ave   attenuates   until    it 

■ s   6   cm   from   tht-  donor,    beyond   which   the  velocity   is   the   same   as   that 

attained   »ith  2   inch   of   Plexiglas   attenuation.      This   velocity   is   1.6 

o.l   ".M./^Hec-.      (3)   With   1/4   inch   lead   and   1   inch   of   Plexiglas   attenuation 

FIG. 10    PHOTOGRAPH   OF   LOW   VELOCITY 
PROPAGATION   IN   LEADS 
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Ihm   1<>» velocity wave has not attenuated sufficiently in 10 cm of travel 

to reduce its velocity to thnt attained with 2 inch of attenuation.  (4) 

the "stable" velocities in all confinements are 1.5 t   0.4 mm/usec in both 

the mixture and pure m tromethane.  Figure 17 is the graph of the data 

n.H  the photographs of water with 1 inch of Plexiglas attenuation in a 

steel sample container when shocked under these conditions.  Although the 

.;i iph clearly shows a decaying trend in the velocity not seen in the mix- 

ture or nitromethane, the decay is Just reaching 1.6 mm/^sec near the end 

<>f the sample container.  Therefore, longer charges are necessary to de- 

tect clearly the difference between a low velocity wave and the shock waves 

produced in an inert liquid. 
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FIG. 17    GRAPH   OF   LOW  VELOCITY   PROPAGATION   IN  H.O 
CONFINED   IN   STEEL 
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D.        Future   Plans 

More  experiments  will   be  conducted  with  pure  mtromethane,    the 

TNM/NM mixture,   and  water.     Sample  containers  of   lead  and   aluminum   three 

times   longer   than   used   previously   (30  cm)  will   be  employed   to   try   to 

differentiate   between   LVD and   non-reactive  shock   propagation   in   liquids 

by measurement   of  wave  velocity.     These  experiments   should  also   tell 

something  about   the   stability  of   LVD   in   long   charges.      If   these  plans 

are  successful   the  NFS   compounds  will   be   examined  similarly   to  observe 

their  behavior. 

2« 
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IV      ADAPTATION   OF  TMK   JAXAF   BOOSTER   TEST 

(A.B.    Amster.    J.A,    Nef f ,   D.B.   Moore.    J.    Bcrke,   and   R .W.   McLvod) 

Int rodui-t ion 

Hiuh   tntTRy    liquids   art?  often   exp«>8ed    to   <-ond 1 tlonti,   siu-h   a»   extremes 

of   hiKh   temperatures   and   pressures,   which  may   change   their   susct-pt 1 bi 11 ty 

to  shock   Initiation.      Moreover,   many   high   energy  materials   are   condensed 

only   under   such   extreme   conditions.      There   exists   a   need   for   a   detonation 

sensitivity   test   applicable   t>   thoae  situations.     This   report   outlines 

studies  made   to  adapt   the  current   JANAF   teat*   for  use  under   the   following 

condltions; 

77PK <  T ^   3730K 

1   atm .   •     P   ■     lOatm. 

Tuo methods   were  used   which   rely   upon measuring detonation   velocity, 

rather   than   the   present  method  of  utilizing  damage   to a  witness   plate,    to 

determine  whether  detonation occurred.      The   first  method,   perhaps   the 

simpler,   was   un  adaptation  of   the method   of   Dautriche.10    This  method, 

shown  schematically   in   Fig.   18  cosipares   the  detonation  velocity  of   a 

known  material   with   that   of   the  sample  Ui.u«.r   study. 

The   tetryl   initistes   the  detonating   fuse,   which   in   turn   Indicates 

the  explosive  sheet   st   the   "stsrt"  position.     This  detonstion  propagates 

further  along  each   "finger"  of   the  explosive   sheet. 

A  strong  wave   in   the  sample  will   also   initiate   the   remaining   pieces 

of   fuse   in  order.      Where   the detonation  waves   collide within   the   fingers, 

dents  are  created   in   the  witness   plate deeper   than   those   left   by   s   uni- 

directional   wave.      The   result  of  s   typical   shot   is   shown   in   Fig.    19.      From 

the  position  of   the  dents   and   the  properties   of   the  system,    the  wsve  ve- 

locity  within   the   sample   can  be  calculated   (see  Appendix  A).     This  method 

has   the  advantage   that   no elaborate electrical  equipment   is  necessary. 

■   "Liquid   Propel lant   Test   Methods,   Test   No.    1."   LPIA   (March.    I960). 

'"  H.   Dautriche.    "The  Velocity  of  Detonation   in   Explosives,"  Compt. 
rend..   Vol.    143.   641-44   (1906)   Che«.   Abstr.    1,   357-8   (1907). 
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FIG. 18    TEST   ARRANGEMENT 
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A   second method  utilises   a   reslBtanre «Ire*   In   the  detonation   cup  and 

a   conatant   current   power   supply   to  yield  a  c-ontlnuoua  detonation  velocity 

record  on   an   osc-l 1 losc-ope.     This  method   la   ronalderably more  preclae  and, 

therefore,   less   ambiguous.      It   has   the disadvantage  of   requiring a  modest 

amount  of   electronic-   equipment   and   some  considerable  operator  skill. 

Both   the  explosive   probe  method   and   realatance  «Ire method  operate 

successfully.     They   are  described   further   In   the   following   sections. 

The   procedures   for  manipulating   the   test   compounds   «111   vary  «1th 

their   properties   (e.g.,   toxlclty,   vapor  pressure,   etc.).     We  describe, 

in   the   follo«lng   text,   procedures   employed  «1th  Nt F4   at   1 >*    temperature. 

We   believe   the materials   and   the methods  are  sufficiently   representative 

to  establish   the  general   value  of   this  extended   test. 

B.        Experimental 

1 .        Modified   Dautnche  Method 

a.        Test   Development  at   Ambient  Conditions 

For each  shot  a   standard   test cup*   la modified  as   sho«n   in 

FIK.   2Ua   and   an  aluminum  «Itneas  plate  la  prepared   aa   in  Fig.   20b. 

Five  pieces   of   MDF*,   20.00  inch  long  are  cut  by  a   razor blade 

on  a   piece of «ood  or Mlcarta.   Five  l/2  inch «ide  stripa  of  aheet explosive 

are   also  cut.     One   ia  about  4   inches   long,   the other  four are 8.00  inches. 

Using   preclalon  acalea  and   aquares,   the abort  atrip   ia  cemented  parallel 

to   the  short  edge of   the  plate «1th one end  over   the  aingle hole.     The 

long   strips  are cemented   parallel   to each other,   one end  over each of   the 

remaining  holes  snd   the other  end  over,   and   in contact «1th,   the abort 

strip   (see   Figs.   20c   snd   21a). 

Tr*de  Mark—E.   I.   duPont de  Nemours  and  Co.   (Mild   Detonating  Fuse). 
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FIG. 20    TEST   COMPONENTS 
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(a) MDF. PLATE. AND SHEET EXPLOSIVE (b) MDF AND WITNESS PLATE 

(c) TEST CUP. BOOSTER AND MDF 

FIG. 21    ASSEMBLED  COMPONENTS 
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The   test   tup  and   booster  are  assembled   In   preacribed   fashion   and 

th€'  witness   plate-   secured   nearby.      One   end   of   each   of   the  2U-lnrh   lengths 

of   MDF   is    inserted   throuteh   a   hole   In   the  plate   until   It   contacts   the  ex- 

plosive   sheet   (FIR.   21b).      The   other  ends   are   put    in   place  on   the charge 

(no  auxiliary   booster   is   used)   as   shown   in  Fig.   21c,    four  along   the cup 

wall,   <>ne   to   the   initiator.      All   ends   are  cemented   securely   in  place. 

The   results   of   a   series   of   tests   to  evaluate   the  method  are 

presented   in   Table  VII.      Shots    1,   4,   and   5  established   a   useful   »i tness 

pi it.    thickness:   vis.   1/2   inch   aluminum.     Shots   2,   3,   and  6  conducted 

»ith   liquid   nitromethane   demonstrated   that   detonation   of   a    liquid   in   the 

test   cup would   propagate   through   the  walls   to   Initiate   the  MDF and   that 

the   plate  dents   could   be   used   to  calculate   velocity. 

A  number  of  control   experiments  were  conducted.     Using  sheet 

explosive   to   line   the   cup   (Tests   4   and   5)   or  unconflned   Comp.   B.    (Test   11) 

it   was   again  demonstrated   that   a   stable  high   velocity   could   be  detected 

re 11ably. 

Tests   12   through   16   established   that  most   reliable   results   were 

obtained   using  2U grain  per   foot   PETN,   filled  MDF,   and   Deta   Sheet  D-l 

sheet   explosive. 

A   falling   (i.e.,   nonpropagating)  detonation  wave,   should  be 

detected   by  a  decelerating  wave   velocity  rather   than  by   failure of   the 

MDF  to  detonate.     Shota   7   and   8,   conducted  on  either   aide  of   the  sensi- 

tivity   limit  of  nitromethane  demonstrated   that   the   explosive  witness  met 

this   requirement.     Thus,   with  40   cards   nitromethane  detonates,   as   con- 

firmed   by   the  approximately   constant   high  velocity   calculated   at  each 

station.     However,   with  60  cards   nitromethane  does   not   propagate detona- 

tion   as   evidenced   by   the  decreasing   velocity  recorded.      This   result  can 

be  compared  with   the   reaulta  of  Shot   lO using water:      the   low  velocity 

initially   recorded decsys   rapidly   so   that   no  record   Is  obtslned  st   the 

third   and   fourth   fingers.      Theae  meaaurements   confirm   that   the   teat   la  a 

high   velocity  aenaor   rather   than   a  detonation  sensor,    the  desired   result. 
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M 
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211 Ml 1 r<B«a> thane 
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M 
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21 l^pty   i-Hp l^tryl (t pMMBl ■OM to grata rtiB O.Ota' Data  «Drrt* i/a" BIBB- •» Bo.   1  tatararfti««               1 
.■Btaiaad       Bll  «tkrra 
off  platr                                    1 
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Experiments  establlshlnc   the  precision  of   the  Oeutrlche nethod 

were made  with  tests  using Co-v     B sad  nltroaethsne  st  smblent   toapers- 

ture.     Results   (Table  VIII)  may  be  compared  with  reported   values  of 6.25 

nm/^sec  for nitroaethsne11   and  7.93 mm/usec  for Comp.   B.1* 

All   of   the measurements  on  Comp.   B  lie within  S£ of   both   the 

reported  value  and   the  average of  our measurements.     The  compsrsble 

figure  for nltromethane  is   10^ for mil  but one of  the messurements;   for 

the  exception   the difference  is   151.     Thus,   under smblent   conditions 

this method may  be considered  sccurate  to within ±   10£. 

Tsble  VIII 

EXPLOSIVE WITNESS   DETONATION   VELOCITY MEASUREMENTS 

Shot  No. Explosive 

!                        Velocity   (ma/itsec)                         1 

Explosive Witnesi 
Stations 

I 

Average 

1-3 2-3 3-4 4-9 9-6 

11 Composition  B 6.9 7.9 7.1 7.3 
43 6.0 6.4 9.6 6.0 7.4 7.9 
44 6.4 6.0 6.6 7.7 6.6 7.9 
90 7.4 7.0 7.4 10.7 7.6 6.1 

Mesn   > 7.7 

29 Ni trosiethsne 9.9 9.3 9.7 9.9 
30 6.1 6.1 9.7 9.4 9.6 
33 ,6.6 9.3 4.0 12.3 9.3 6.7 
34 4.1 9.9 6.6 4.3 6.0 6.9 

40L 7.3 9.7 9.7 6.7 7.3 6.9 
40R 7.6 9.1 6.1 6.7 7.3 6.6 

1 Mean  «6.3 

11 A.  W.  Csmpbell.  «. C.  Davis,  and  J.  R. Travis,   Phjrs.   Pluida 4,  496 
(1961). 

** M.   S.  Malin.   A. «.  Campbell,  and C. «.  Mauts. #«  Appl.  Phys.  16,   63 
(1997). 
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b. Low  Temperature   Test   Development 

Low   temperature   behavior was   examined   and   the  results   are  shown 

in   Table»   VII    (Shots   I7-20),    IX.   and   X.     The  performances  of  PETN-   and 

RDX-rontaining   MDF were   found   to  be   satisfactory   In   liquid   nitrogen   (77*K) 

and   a   reasonable  velocity   record  was   obtained   using  nltromethane  at   the 

same   temperature.     Shot   21,   where an  empty  cup was   used,   attests   to   the 

desirable  absence  of   a   shock   in   the  cup wall   strong  enough   to   Initiate 

the  MDF. 

Table   IX 

TESTS AT 77»K 

Velocity    (mm/nsec) 

Shot.   No. Explosive Stations Average 

1-2 2-3 3-4 4-5 5-6 

45 Composition  B 6.6 8.6 7.0 8.6 7.4 7.6 
20 Nltromethane 5.5 6.2 4.3 5.3 
23 4.8 6.0 6.7 5.8 
26 5.9 5.8 6.0 5.9 
28 7.5 6.2 7.2 6.1 6.3 6.7 

Mean  «5.9 

Table  X 

INERT MATERIALS  TESTED AT  77»K 

Test  No. Material 

Results 
Velocity   (mm/ttsec) 

Stations Remarks 

1-2 2-3 3-4 4-5 

24 

47 

48 

49 

Trlchloroethylene 

Liquid   Nitrogen 

Liquid   Nitrogen 

Liquid   Nitrogen 

2.52 

— 

— 

— 

no record  after 
Station 2 

no  record 

no  record 

no  record 

V.     i 
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N«   reliable   values   have  been   reported   for   the  detonation 

velocity  of Comp.   B or  mtromethane  at   77'K   (b.p.   of    liquid  Nj).      Our 

results   are   presented   in  Table   IX  where   the   value   for  Comp     B  is   con- 

sistent   with  an  extrapolation   from   values   presented   by   Malin  et   al.1* 

our  values   for  nitromethane   are  all  within   15% of   the  average.     Thus   at 

l<»u    temperatures   thi3   explosive  witness   method   may   be   considered   reliable 

to wi thin   l.*i . 

Since   the   test  must  distinguish   between  propagation  and   failure, 

the   results  of   tests   on   inert  materials   are   important   (Table  X).     They 

indit-ate   that   tests   on   nondetonable   systems   will   not   give  spurious   re- 

sults. 

The precision of   the method depends  upon many  factors   including 

the  care  with  which   the  components  are aligned   and   the  measurement  made. 

The   reproducibility  with  which   the  Prlmacord   is   Initiated   by  a detonation 

is  also   important  and   at   770K might  prove   troublesome.     Experiments   to 

initiate  several  pieces  of  Primacord  simultaneously  confirmed   that   the 

delay   is   small   enough   to have   no   significant   effect   upon   the measurements. 

2 .        Resistance  Wire—Constant Current  Supply Method 

This method,   developed   for solid explosives  and  adapted  for   liquida 

at   ambient  and   low   temperatures,   is  adequately described  elsewhere.2     The 

fine Nichrome  resistance wire,   attached  to a  conatant  current  source  sensei 

the  arrival  of an  ionlzation  front  from   the detonation  and   immediately 

shorts   to   the wall  of   the  cup.     A  recorded   signal   fro«   this detonation 

front   provides  a   continuous   record of   the disturbance. 

3 .   low Temperature Apparatua 

»ch cryogenic compound has properties which determine the design of 

confinement and tranafer equipment.  We have chosen to test perfluoro- 

hydrazine, NaF4, because it is toxic, corroaive, and possible detonable, 

yet available in quantities of reasonable purity needed for the teat. 

Thf>se properties are probably representative of high energy oxidizera to 

to be studied in later routine teats.  For this material the cup was 

modified as shown in Pig. 22 to contain glaaa to metal seals at the top 
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TtTl^rL   SOOSTE« 

j  COPPER TUBES 

SOLDERED SEAL 

•  METAL,   I"    D. 
6"LONG 

GLASS THERMISTOR 

THERMOCOUPLE 

RESISTANCE WIRE 

METAL   BOW 

2 mil  STAINLESS 
STEEL  DIAPHRAGM. 
SOLDERED 

•• ••%•   ••» 

FIG. 22   CRYOGENIC   TEST  CUP   DESIGN 
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for   thfrmistor   Ivaclt»,    t hi «-no« .>upl«    leads    (to  aid   In   dc-tcnn i n i n^    liquid 

U'Vfi)   and   resistant-e  wire   lead».     At   the   bottom   of   thi-  tup   thin,   2  mil, 

(»tainleKK   Hteel   diaphraicmH   «erc>  silver   soldered   into  place. 

Vacuum   tiansfer  equipment,   shown   schematically   in   FIK.   23,   »ns   in- 

stalled   and   remotely   operated. 

© PRESSURE    GAUGE 

|P«f SET  NEEDLE 
VALVE 

VACUUM 
PUMP 

ri 
MANIFOLD 

A* 
»A.0 

MEASURING 
BOTTLE 

HELIUM 

COOLED 
TEST 
CUP 

0 VENT 

PRE   SET 
,   NEEDLE 
7     VALVE 

FIG. 23    SAMPLE   HANDLING  SYSTEM   FOR  CRYOGENIC   TESTS 

Cleaning--Some  of   the  valves  were   found   to  have metal   chips   embedded 

in   the  Trflon gaskets.     Therefore all  valves  were   Inspected   upon   receipt 

snd   the gaakets   replaced  where  necessary.     All   cosiponents  were  clesned 

for   liquid   oxygen  service  and,   after  assembly  but  Juat  prior  to  use,   the 

entire system  was   passlvated  with  fluorine.     The   last operstlon  was  accom- 

plished  by  evacuating   the entire system  with valvea   1,   7  and  8  cloaed. 

Then,   with  valvea  S  and  6 closed,   fluorine waa  slowly admitted   to  the 

system   through  valve 8.      (This  procedure  la   recommended  only  for   fluorine 

oxidixers.)     Following  passivation,   valve • was  cloaed and valve   1  opened. 

Valves   5 and  6  were  then  opened  and   the   aystem  cleared of  realdual   fluorine 

41 

CONFIDENTIAL 



CONFIDENTIAL 

Coinpon«.-nts--Valves 7 «nd lO were Chlorine Institute valves available 

from Superior Valve Co., Pittsburgh, Pennsylvania (Fluorine Cylinder Valve 

Cat. No. 1214F).  Valves 8 and 9 are conventional as supplied by the ven- 

dor.  All other valves are Hoke Cat. No. 30206-6 with No. 80065-1 solenoid. 

Thc-!>e are ball valves which operate more smoothly than conventional needle 

valves and thus are less likely to Initiate an explosion in the valve. 

The vacuum pump is a conventional low capacity laboratory model filled 

with fluorocarbon oil but powdered with a 1 h.p. motor for eaay starting. 

All transfer lines are copper tubing, silver soldered to valvea and fittlnga 

The test cup assembly is 1 Inch Schedule 80 pipe, surrounded by a can cooled 

wi th dry ice . 

operating Procedure—Tb conduct a teat, the apparatus was prepared 

as described, the detonation velocity instrumentation checked, the ex- 

plosive components inatalled, and the coolant (solid COa for NtF4) added. 

We found it convenient to assemble the apparatua with the test cup in a 

CM (such as is generally uaed for 1 lb coffee) to contain the coolant 

for the short time needed.  A typical teat aaaembly la shown in Fig. 24. 

The remaining steps were conducted remotely as follows:  With valvea 1, 

7, 8, and 9 cloaed, all othera opened, evacuate system.  Close all valvea. 

Open valves lO, 7, and 2 in order.  Fill measuring bottle to desired pres- 

sure as indicated on gauge.  Close valve 2, then cloae valve 7.  Open, in 

order, valves 1, 3( and 7.  This flushes this section with helium and 

serves to isolste the supply tank from the measuring bottle.  Open valve 

4.  Essentially all of the N,F4 In the measuring bottle should condense 

in the test cup.  Completeness of condensation la adjudged with the therm- 

istor (see Appendix B) and thermocouple liquid level detector.  In this 

operation the teat cup acta aa a trap.  Should any noncondenaablea inter- 

fere, they may be removed through the pump by briefly opening valve S. 

The preset needle valve preventa surging or splaahlng of liquid.  Close 

valve 4 and initiate teat. 

The procedure waa to perform an initial teat using Freon 12 to check 

operation of all tubing, valve, and gauges or monitoring devices.  After 

this was done, nitromethane was teatad.  Then the experiment «aa immediately 
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FIG. 24     TYPICAL   CRYOGENIC   TEST   ASSEMBLY 
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■et   up   for  NfF«  *lth  no  thanges   other  than   replacement  of   sample  holder 

and    leads   destroyed   in   the   prevloua   test. 

C. Resulta 

A   series  of   five  shots   with  perfluorohydrazlne  was   conveniently  and 

SIK < t-ssf ul ly   fired   and   Liquid   NaP4   was   found   not   to detonate  at   tewpera- 

i iires   between  -30  and   -40#C.     These   results  were  evidenced   by   failure   to 

establish  a   conductive   lonl/.ed   reaction  front  In   the   resistance wire 

measureinent,   snd   by   observation  with  the explosive  probe   syste«  of  an 

initial   shock  velocity   of   2.8 min/^sec decaying   to   less   than   1.5 mm/^nw 

in  a   travel  distance  of   62  mm.      (Five one-half   Inch   Intervals). 

D.        Conclusions 

The modified  Dautrlche  and   the  continuous  wire methods   function   re- 

1 i ably,   at   ambient   and   low   temperature  condltmna,    to distinguish  between 

detonstlng  and non-detonating  systems.     Specifically,   both  techniques, 

used   In   conjunction  with  an  appropriate  sample  handling   system,   establish 

that   liquid   perfluorohydrazlne  does  not  sustain   a  stable detonation. 

There  are  some   possible  difficulties or objections   to  both  systems, 

«e  have  attempted   to anticipate  aa  many as   possible.      In   some situations, 

the   resistance wire  and   support may  affect   the  behavior of   the  teat -mate- 

rial,   e.g.,   the material  may  appear more sensitive   than   It   la.     Our ex- 

perience   indlcatea   th.it   If   the wire  Is more   than  2   inchea   from   the  booster 

the  effect   Is  not detectable. 

The  explosive   probe  system   perturbs  the  teat   sample   leaa  but   re1lea 

on   accurate,   reproducible  assembly   and  behavior  of  high  explosive mate- 

rlals  «hen  handled   In   the  field  by   relatively   Inexperienced  peraonnel  and 

»hen detonated at  a  variety  of   temperstures.     Our  experience  on   this   project 

has   indicated   thst   this   is   not   a   aerlous  problem.     The  system  msy  be   leaa 

able   to ciiatinguish   between   stable  detonations   and   thoae  of   slowly  decaying 

velod ty. 
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We  are  confident   that   the  general   procedures  described   herein,   suit' 

ably   adapted   for   use with  a   particular  chemical   syste«,   will   reliably 

measure  detonability  at   low   teaiperatures. 

E. Future  Work 

Essentially the sane equipment (without a vacuum transfer line), 

will be used to study ethyl nitrate detonability characteriatics at 

elevated pressures (130 pslg) and temperatures, ca. 180AC.  This will 

complete the tests and a test manual will be drafted. 
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V  PHYSICS AND CHEMISTRY OF DETONATION 

(JoKc>ph G. Berkc-, Marjorte *, Evans, L. B. Seely, D. Tegg ) 

A .   int rodut-t ion 

The  objective«   of   this   phase  of   the  work  on  dlfluoroanlno  compounds 

oriKinally   were   (1)   to  determine   scane   of   the  detonation   characteristics 

of   these  materials,   and   (2)   to  study   the   relationships   between   their 

decomposition   kinetics   and   their  failure  diameters   and   shock   sensitivities 

The   last   annual   report   thoroughly   reviewed   failure  diameter   theory,   and 

mapped   the dependence  of   shock  sensitivity  and   failure diameter  on  chemi- 

cal   and   other   properties   for  a   range   of   assumed   values   of   the   parameters. 

Mork during   this   year   has   been  concerned   with  determining  values   of   the 

quantities   required   by   theory. 

As  work  continued   it   aoon  became  apparent   that  more and  more   sub- 

tasks   should   b*>   Included   In   the  program.     However,   the  scope  of   the work 

must   be  kept  within   bounds.     We  have,   therefore,   «elected  from  among many 

topics   thoae  which  either   are  abaolutely   necessary   to  the main  objectlvea 

or  seem   likely   to  be  eapeel ally  fruitful.     The   following   taaks   are  now 

being   puraued : 

1. Measuring   and   calculating  detonation   propertlea  of  dlfluoro- 
amlno  compounda 

2. Meaaurlng   fa.lure diameters  of  dlfluoroamlno compounda   for 
both CJ detonatlona  and   low-velocity   reaction wavea 

3. Studying   the   aequence of  events during  shock  Initiation   In 
difluorosmlno   liquids  and  nltromethane;   this   Information   Is 
alao  being  uaed   to evaluate   the gap  test  and   Interpret   shock 
senaltlvlty   numbers 

4. Meaaurlng   reaction   time«   in dlfluoroamlno   liquids   at   tempera- 
turea   and   pressures   comparable with   thoae  found   in  ab-u-fr* 

5. Meaaurlng   the  equation  of   atate  of   unreacted  nitromethane 
and  dlfluoroamlno   liquid«   aa   an adjunct   to   (4). 
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B. Intonation   Vtl-iitv   of    1,2-nP 

Since  dec (Hnpos i t ion  of   d 1 f luoroam ino  compounds   produrea   a   large 

amount   of   energy,    it   can   be   almost   a   priori   assumed   that   they  will   ex- 

plod«-;   however,   at    the   start   of   this   project   It   was   regarded   as   an  open 

question   «hc-thc-r   they   would   support   a   Chapman-Jouguet    (CJ)   detonation 

wave   in   ordinarily   attainable  diameters.     The  quest it>na   were:       (1)   Under 

whit    conditions   sill   d i f luoroamino   cimipounds  detonate!      (Are   they   aensl- 

tive   or   Insensitive,   and   is    their   fat lure  diameter   small   or   large?),   and 

(2)   To  what   decomposition   products   should   the  CJ  hypothesis   be   applied? 

(Or-ea   the   reaction   reach  complete  equilibrium  at   the  CJ  plane  or   la  some 

process,   such  as   precipitation   of   carbon,    inctmiplete?). 

A   careful   measurement   by   I.a»rence   Radiation   Laboratory  of   the 

detonation   velocity  of   1,2-I)P  has   been   reported1*   as   5.96   i   0.05 mm/uaec. 

It   seemed  worthwhile   to  confirm   this   since   (1)  calculation   had  given 

significantly   higher   values,    (2)   measurement  had   been  made  only   on  one 

shot   over   two  intervnls   along   the  charge,   and   (3)   the  explosive  had  been 

confined   in   copper,    in  which   the   velocity  of  sound   la   about   5  mm/^sec. 

The   situation  was  confused   by   some  of  our  own  early  evidence   that   1,2-DP 

showed   an   unsteady  wave  with   a   velocity   in   the  neighborhood  of   that  of 

the   steady  one   calculated   for CJ conditions;   this  might  have  explained 

the  discrepancy   between   the   experimental   and   the   calculated   values.     How- 

ever,    the  apparent   unsteady   velocity  has   now  been   Identified   aa  an ex- 

perimental   effect   and   it   is  quite  clear   that   1,2«DP detonatea   steadily. 

Furthermore,    it   is  believed   that   1,2-DP behaves   like  other   liquid  ex- 

plosives  as   fsr  as   the CJ detonation   is   concerned. 

The   experiments 1   arrangement   to measure   the   letonstion  velocity  of 

1.2-MP st   one   inch diameter   is   shown   in   Pig.   25.      It  «aa  designed   to yield 

i   time-distance  history  over  a   fairly   long   run   to  assure  reaching  a  steady 

velocity.      For   this   reason   timing   signala  were   taken  at   eight   atattons 

starting   S   Inches   from   the  booster  with   insulsted  «Ires   stretched  scross 

13   Technicsl   Progresa  Report   64-1,   September   14   to  December   14,    1963, 
pp.    A-l    to   A-IO. 
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FIG. 25 CHARGE ARRANGEMENT USED FOR DETERMINATION 
OF THE DETONATION VELOCITY OF 1,2-DP 
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tub«    al   2   itnh   intervals.     The sinnals  nere  rvcordMl   by a   raster 

(   >p«'   (writing   sprj-rl,   2-1/2 ^sec   per   line)-     The   RMS  deviation   of 

iln    <    i i    i nu   signals   »as   estimate«.1   fr-mi   the  deviations  of   all   the  mea- 

about   theii    ipproprlata averages,   to be  i   0.017 ^set.     The 

po' i   Hi«   * i n ■    »as detirmined with  a   < athet«jineter   to a  preeision 

nf        (». 1 

Eleeause many   liquid  explosives  behave  peculiarly   in glass  t-onfire- 

nunt,   as  evidenced   by  an anomalously   large  failure diameter and   the 

presem e  of   dark »aves,14   the   1,2-I)P »as  contained   in  a  polycarbonate 

tube     I   inch   1.1).   »ith   l/l   inch  wall.     In order  to produce a  high   initial 

picssmc-   the   liquid  was   boosted  with  a Comp.   B booster,   1   inch diameter 

by  3/8   inch   thick,    initiated  at   the center  by  a  PL-2 detonator.     Over- 

boosting was  prevented   by   the  high wave curvature of   the entering wave. 

A normally  occurring  level  of electrical   conductivity  in  unshoeked 

dl fluoroamino   liquids  makes   it  difficult   to obtain  good   pin signals.     Use 

ol   0.005   inch enameled  wire  prevented  conduction,   but   this  immediately 

introduced   two possible dangers:     that   the  enamel  would  not  break down 

sufficiently   fast   »hen   the detonation wave  passed;   and   that   the wire 

»ould  affect   the  structure  of   the detonation  by  producing dark waves. 

Consequently,   a   test  shot was  made  in which  a  sample  signal was  recorded 

and   the  oncoming wave was observed with a   smear camera  as   the wave  col- 

lided  with  the wire.     A  sharp signal was  obtained  on   the oscilloscope  and 

no  perturbations were  seen on   the smear camera   record. 

The   firing   tube was   surrounded with  sand   to help maintain  the   tempera- 

ture  constant.     Temperature  was measured  at   top and  bottom nf   the   liquid 

column  by means  of   thermocouples.     The measurement of   the wire spacings 

was  carried out at  22nC and   the  shot was  fired at 37nC.     This  temperature 

difference could   result   in a  decrease  in detonation  velocity   of 0.05 

mm/^sec  assuming a   coefficient  of  expansion   for   l,2-DP equal   to  that  of 

ni tr«)methane.     The  decrease due   to  increase   in   the wire  spacings  from 

«xpansion of   the CR-39  would   be   less   than  0.01 mm/^sec. 

14  A.   *.   Campbell,   T.   E.   Holland.   M.  E.  Malm and  T.   P.   Cotter,   Jr., 
Nature jTS,   38   (1956). 

VR-39,   obtained   from  Homalite  Plastics,   Wilmington,   Del. 
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The-   results  of   the   test  are given   In Table  XI.     For   the  final  veloc- 

ity  the estimated   umcrtainty   has  been  Increased arbitrarily  fron t  0.02 

mm/^sec,  whlrh would  Include deviations  in  the measurements  over the   last 

six  intervals,   to  !   0.05 mm/^sec,   In view of  the  fact  that  only one shot 

»as   fired  and   to allow  for possible systematic errors. 

The  sand  around   the charge was  penetrated by a slot extending  to 

the clear plastic- wall  of   the firing  tube along most of  Its   length.    The 

smear <amerr   record  obtained   through  this slot showed  that   the velocity 

was  constant  over most  of   the charge  length;  and   It also gave an  inde- 

pendent   record of  the velocity which  is  somewhat  less  precise  than  that 

obtained   from   the oscilloscopes. 

The  value of  the detonation  velocity D - 5.89   ♦   0.05 mm/^sec  la   In 

agreement with  the value obtained  at  Lawrence Radiation Laboratory.    Since 

the  two measurements were by different experimental  procedures,  consid- 

erable confidence can  be placed  in  the  result.    However,   It  la  clear  that 

the measured value of detonation velocity for  1,2-DP la  lower than the 

6.25 mm/^sec calculated with  the RUBY code.    A number of possible reasons 

for  this have  been auggested: 

1. The measurements were made at 1 Inch diameter and therefore the 

measured velocity la reduced by the diameter effect. In our opinion this 

explanation la unlikely. Liquid exploalvea exhibit only a small diameter 

effect ''' l* and until It la demonstrated otherwise, It ahould be ab umed 

that   1,2-DP behaves  like &  normal   liquid explosive  In  this  respect. 

2. The  calculations  have been made under the assumption of equilib- 

rium,    whereas  It la more  likely  that some  proceaa  like precipitation 

of carbon  Is  Incomplete.     This may well  be the case,   but in moat calcu- 

lations such varlationa in products will not cauae a  10% change in det- 

onation velocity. 

15  E.  A.   Igel  and L.  B.  Seely,  2nd ONR Sympoalum on Detonation   (CNR, 
U.S.   Oept.  of  Navy,   1955),   p.   331. 
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Table  XI 

DfcTONATION  VELOCITY OF   1,2-DP 
SRI  SHOT   1ÜS87 

'/ 

A.       f)sc 1 1 Icisrnpe  Mrs isuremcnt 

Time, usec 

.ave MaM 

• 

er SI 

Pin Ist 2nd Ut 2nd 
S t a 11 on Reading Reading Reading Reading t a 

0  •arbl trary zero«   0 

8.73 8.72 8.69 8.70 8.71 

17.35 17.33 17.33 17.33 17.33 

26.00 26.00 25.95 25.96 25.98 

34.64 34.64 poor algnal 34.64 t   0.017 

43.26 43.26 43.24 43.26 43.26 

51.91 51.90 poor signal 51.90 

60.51 60.51 60.46 60.48 60.49 

DISTANCE AND INCREMENTAL VELOCITY 

x, mm     ^xmm At, ^taec   Dwm/naec 

0 (arbl trary) 

51.2 51.2 8.71 5.88 

103.0 51.8 8.64 6.00 

154.0 51.0 8.63 5.91 

204.8 50.8 8.66 5.87 

255.6 50.8 8.62 5.89 

306.5 50.9 8.64 5.89 

357.2 50.7 8.60 5.90 

5.89 i 0.0S mm/ttaec 

S'iear Camera Measurewient 

9  =  79j8  1   Je   at  500 r.p.s. 

D  ■  5.89   i   0.13 mm/uset 
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3.       The d«toaatloB  velocity  is not  calculated   by   the Ruby c<»de 

accurately since   this  code  has   been adjusted  empirically   to fit CHON 

explosives.     This   seems   to us  a  reasonable  possibility.     In vie«  of   the 

lack of  ex.   rience with   fluorine compounds   In  such calculations and   the 

high'v  polar nature of  HF,   it may well  be  that   the  co-volumes  and   the 

equation of state  of ('F4  and  HF are nut   the correct  ones.     It  is perhaps 

remarkable  that  calculated  values have come as  close   to  the measurements 

as   they have.     At  present  it  is  probably not  profitable  to make serious 

changes  in the calculations.     Only if  it were possible  to make very 

accurate velocity measurements of some fluorine-containing compounds over 

a   range of densities  and  supplement  these with CJ pressure measurements, 

.mild more suitable caIculational constants  be obtained.     This would  re- 

quire  relatively   large quantities of a solid  compound. 

C.        Failure  Diameter  of  Domino Compounds 

Before determining  the  failure diameter of  a  liquid explosive  it  is 

important  to decide  to what use the data will be put.     If the interest  in 

failure diameter arises   from  safety,   the diameter  to be determined   is 

that   below which strong shocks will cause no chemical   reaction.     Pre- 

sumably  the material could be handled with safety  (as far as shocks  are 

concerned) in pipes or vessels below that diameter.     On the other hand, 

if  the  interest  arises  from   theory,   the diameter  to be determined  la   that 

below which no Chapman-Jouguet detonation will  propagate.     There exiata 

a  theory1* for  the  failure of  such waves,  whereas  low-order waves are not 

understood.    Our present  interest is mainly in the theoretical  interpre- 

tation of  failure diameters,   and  therefore  in  the minimum diameter  for 

CJ detonations. 

Since  the conditions  of  teat for these   liquids  were chosen entirely 

to facilitate theoretical   interpretation and with no regard to the prac- 

tical  conditions of  use,   they may appear arbitrary and artificial  in some 

respects.    Thus,   lead was used as the confining material because its 

'*  Marjorle W.   Evans.   J.  Chem.   Phys.   36,   193   (1962). 
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sound velocity is very mu<h lammr  than the full-strength detonation 

velocity of thf dlfluornamlno compounds.  It Is obvious that lead Is not 

,1 pra< tiral t-onf i nemt-nt material.  By choosing lead, we hoped to avoid 

lo*-order waves supported b\ waves In the confining material but, after 

the fact. It is not clear we have been entirely successful In this. 

The theory of failure diameter concerns the effect of flow divergence 

on the chemical reaction rate, and it is convenient to limit experiments 

to those in which the rate of divergence Is held constant over the entire 

time during which the fate of the wave is being determined.  Lead blocks 

rath*r than tubing were used because the thick walls make 1. unnecessary 

to consider the effect of shock reverberations.  Use of relatively large 

pieces of lead had the added advantage that at small charge diameters they 

stayed in one piece under the disruptive force of the reaction, and thus 

served as their own witness blocks. 

Although the concept of failure diameter Is simple, a valid failure- 

diameter test Is quite complicated.  One set of difficulties centers on 

the problem of selecting the proper booster.  An Ideal failure dlaaieter 

test would Involve a very long charge so that the teat section could be 

considered to be boosted by an identical section preceding it.  If a very 

slight taper were incorporated in such a charge, failure would occur very 

< lose to the point on the taper at which the diameter became equal to the 

failure diameter.  For such a very long charge the size of the booster 

would be of no importance provided it was large enough.  In practice the 

length of hole that can be satisfactorily fabricated la Halted, and it 

is thus of great Importance to use the correct booster In order to aave 

charge length.  If the booster is too small, the explosive will fail no 

matter how large the diameter; if the booster is too large, the explosive 

«ill shoot below failure diameter through the limited length available. 

However, one may arrive at the correct booster by trying aeveral sizes 

and determining over some small range of si/es, that the results do not 

depend on booster size. The preferred situation la to over-booat slightly 

using a column of the liquid sufficiently long that boosting effects can 

be shown to die out before the end of the column la reached.  In apite of 
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all   pri-t autiuns,  c-tmplicated  situations  have  been encountered  with di- 

fluoroaalno  t-cimpounds,   situations   that   apparently vary from  isomer  to 

isomer.     It   is   important   to proceed   cautiously,   with repeated  checks  on 

the booster effects   under each new  set 01   conditions and   for each  isomer. 

In determining   failure diameters  of difluoroamlno  liquids   in   lead 

it has  been  found  helpful  to use as many effects  as possible  to aid   in 

diagnosis of  the  results.     First of  all,   the  condition of   the  lead  block 

after the explosion gives  some  indication of   the nature of   the disturbance 

in  the  liquid.     That  it   is not a  completely  reliable  indicator under all 

circumstances  can  be shown by firing a  booster  that is very much  too  large 

into water  insteac  of  into the reactive  liquid.     The resultant  block  looks 

somewhat   like  that  produced by a  reactive  liquid when a smaller  booster 

is  used.     Such  a case  is   Illustrated  In  Fig.  26.     However,   the conclusion 

that water has detonated  should  be avoided.     In  the more usual   case,   firing 

with a  block  filled  with an  inert   liquid  is quite helpful  since  the direct 

booster effects  are  indicated  by  the expansion  of  the block and  the effect 

of reaction  can  be seen  by comparison with a  block fired with  reactive 

liquid.    Cases  of  this sort have been  reproduced  in  the first quarterly 

report period  of  the current year.17     In general,   comparison firings with 

an  inert  liquid  is  a  second useful diagnostic result that  is helpful  in 

interpreting   lead  block failure diameter teats. 

It has also been found useful   to measure  the transit times over  the 

charge  length used  for the failure diameter test.     It would be preferable 

to have a  continuous  record of wave velocity,   but  this  is  practically  im- 

possible at very small diameters.     Even when  the diameter is •■   large as 

10 mm,   it  is difficult  to measure the  instantaneous velocity without either 

producing discontinuities  in the wall or introducing inhomogeneities  into 

the body of   the  liquid;  either condition may change the results.    The tran- 

sit  time measurements  usually permit one  to distinguish quite easily  be- 

tween  full  strength detonations   (5  to 6 mm/^sec  for  these  liquids) and 

17  Technical  Progress  Report 64-3,  March  IS  to June  14,   1964. 
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FIG. 26   SECTIONED  1   ■   1-INCH  LEAD  BLOCK  ORIGINALLY 
HAVING  A  3.1 mm  AXIAL  HOLE  AFTER   FIRING  WITH 
A 8.8 mm RDX   PELLET  AT  DENSITY   1.6 j cm3 WHEN 
THE  HOLE  WAS  FILLED ONLY  WITH  WAIti. 
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waves of lower velocity, if measurements over a number of charge lengths 

are made.  However, a case In which electronic wave-speed measurements 

would be misleading »ap encountered while measuring slow waves.  A two- 

inch round lead block containing water was fired with a 6.3 mm diameter 

RDX pellet at 1.6 g/cm3 .  The oscilloscopes apparently gave an average 

velocity of 2.7 mm/^sec.  Again the conclusion that the water detonated 

should be avoided.  In this case the state of the lead block recovered 

after firing, shown In Fig. 27, Indicated the true state of affairs. 

Another criterion of detonation which may be used to advantage • i 

some cases is the temperature radiation fron the products at CJ conditions 

If a CJ detonation really exists, the products must eventually reach the 

full CJ temperature and for a clear liquid some temperature near this 

value should be recordable on a smear camera.  Where the diameters being 

studied are very small, as in moat of our failure diameter tests on DP 

compounds, such smear camera records are not practical; at diameters above 

5 mm, they may be feasible. 

Many difficulties in performing failure diameter testa on liquids 

derive from properties that are quite general among homogeneous explosives 

but are distinct from those of heterogeneous explosives. For Instance, 

failure diameter for liquids is anomalously large in glass confinement 

and failure occurs by means of "dark waves."14 The failure diameter of 

a liquid explosive in metal (even a metal of low denalty) will be much 

smaller than in glass, and dark waves will not make their appearance ex- 

cept at discontinuities in the metal confinement. While there have been 

speculations as to the nature of these dark waves, they are not under- 

stood in detail, and the means by which they cause failure is not known. 

If we are to use failure diameter data to gain information on chemical 

reaction processes, it seems clear we must study failure occurring by 

smooth-flow divergence rather than via dark waves. Such conslderatlona 

have dictated optimum conditions of test which in actual fact have been 

difficult to achieve in some cases. 
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FIG. 27   A  2-INCH  ROUND  LEAD  BLOCK   BEFORE AND AFTER  FIRING  WITH  A 
12.5 mm  d,om.   BY  6.3 mm  THICK   RDX  PELLET AT DENSITY   1.60 g cm3 

CONFIDENTIAL 



CONFIDENTIAL 

For  failure diamettT   lists  we »uuld   Kuppottt*   that  holes   in   thi- 

(onfimn^ mt-dium must  bv  fabricated  »1th  precision,   since .surface   irreg- 

ularities  at   the  explnsive-confinement   interface are expected   t<> product 

failures.     For   instance,   with mtromethane  an  abrupt   increase   in  pipe 

diameter   is   used   to  prevent  propagation  of  detonation  through  practical 

piping systems.     For  the difluornamino compounds   the exact  quality of 

surface  required   to maintain detonation   is  not  known.     However,   it »as 

l mi'l that holes   could  be made   in   lead  with a mirror-1  ke  finish.     Conse- 

quently   it was  decided arbitrarily  that no visible  irregularities were 

to be accepted.     The process  of fabrication consisted   in forcing a   round« 

ended drill  rod   through  the  lead with a  press.     The  flow of   lead  around 

the  rod during  pressing produced a  smooth-surfaced hole,  of  the  same 

diameter as   the  rod,  and  having no  tendency  to spring back.     Since  the 

yield  strength of   the  lead  is extremely   low,  we believe  the  lead  around 

the hole may have been closer to its  theoretical density  than  is  usual 

in extruded  blocks,   but  it seems unlikely   that  this method of making   the 

holes would  produce  lead of anomalously high density.     In Fig.  28   the 

sectioned 2-inch cube of  lead on  the  left  shows  the quality of  the sur- 

face inside a 6.3 mm hole.    On the right  is a similar block after firing 

FIG. 28 TWO-INCH LEAD CUBE; OK THE LEFT SECTIONED TO SHOW 
THE INNER SURFACE OF A 1 4-INCH HOLE, ON THE RIGHT, 
A  SIMILAR CUBE  AFTER  DETONATION OF   1,2-DP 
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with 1,2-DP. Reasonably smooth straight holes have been made up to 125 

mm long and down to 0.8 mm diameter. Below that diameter, the pressing 

pin wanders as  It  la  pushed   through the  lead. 

The  results on  failure diameters of domino   liquids are still  incom- 

plete and   it  is   therefore not appropriate  to summarize or generalize  the 

results   in  this  annual  report.     However,   the following conclusions  from 

failure diameter  testa   in massive   lead  blocks appear valid: 

1. In  1,2-DP,   2,2-DP,   and   IBA there are  low-velocity reactive 

disturbances  that will  propagate  in small diameters.     At  0.8 mm diameter 

the wave has a velocity near  1.5 mm/^sec  in  1,2-DP and  2,2-DP.     In  IBA, 

at  0.8 mm diameter,   the wave  propagates  at velocitiea  as   low aa 0.4 mm/ 

usec.    These wavea  occur with heavy boosting.     Failure diameter  la below 

0.8 mm for 1,2-DP and 2,2-DP,   and  very close to 0.8 mm  for  IBA. 

2. There la a weaker wave In 1,2-DP that occurs at  these same 

small diametera with weak boosting.    The wave distorts   lead less  than 

the wave referred  to above,  but it ia difficult to make measurementa on. 

3. The failure diametera of the CJ detonations   (velocity above 

3 mm/^aec) for theae materials are somewhat  larger  than those for the 

wavea referred  to in item  1.     For 1,2-DP the value is between 1.6 and 

2.0 mm.    For 2,2-DP the value seems to be Just under 6 mm,  but tests are 

not  yet complete.    The failure diameter for the fast wave In IBA appeara 

to be above 6 mm. 

4. All available diagnostic alda should  be uaed   in establishing 

a  failure diameter,  and care and  Ingenuity must be employed if confusing 

results  are  to be avoided. 

5. Booster troubles  in fsilure diameter teata  Indicate that a 

re-evaluation of the dlfluoroamlno shock senaitivity data is necessary. 

We mistakenly assumed  the  booster proper for  1,2-DP would  alao be proper 

for 2,2-DP,  but  thia ia not  the case,  and It has caused us  to confuse 

fsilures due to under-boosting with failurea due  to too small diametera. 
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I)    Mf.isui ciiirii' ot Hr.Htioii Tinif-. in Shtx k1^ 

In tht- last quarterly report we stated that relative reaction time 

measurements were feasible in shocked domino liquids and listed some 

preliminary values for 1 2-L)P and IBA.  It had already become clear that 

better control »as necessary in the tests  Toward this end we have or- 

dered !M<>1 pclht^ cmelully quality controlled   Suitability tests have 

■howa that the attenuators can be made of CR-39 lather than of Plexiglas, 

and techniques for determining the pressures in this new material in the 

gap test neometiy have been developed.  Methods have also been developed 

for more precise assembly of components 

It was also mentioned m the last quarterly report that nitromethane 

would be investigated rather thoroughly both as an example of a well-known 

liquid whose initiation characteristics have been studied and as a mate- 

rial on which technique studies may be made without wasting more valuable 

materials . 

A number of shots have been fired with nitromethane in the way des- 

cribed in the last quarterly report   The charge arrangement is shown in 

Fig  29   As in the case of the difluoroamino liquids, nitromethane also 

was initiated at the walls in many cases   Figure 3U shows two smear 

camera pictures of nitromethane fired in gap-test geometry in lead and 

polyvinyl chloride containers   In lead the detonation starts early at 

the wall and propagates to the center without central initiation /ones 

being visible  A number of details seen there have not been explained. 

In the case of the polyviny1 chloride container, detonation also starts 

at the wall but there is some evidence of reaction in the original shock 

before the waves from the side meet at the center.  A number of failure 

waves are visible close to the walls 

In order to obtain reaction time data on difluoroamino liquids or 

nitromethane it will be necessary to vary the attenuator thickness, 

i.e., the peak pressure of the entering shock.  At sane or perhaps all 

of these pressures detonations from the walls may prevent seeing the 

reaction /one   It has therefore become clear that wall effect« should 
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A 
FIG. 29   CHARGE  ARRANGEMENT   USED   IN OBSERVING 

INITIATION  WITH  THE  SMEAR  CAMERA 

62 

CONFIDENTIAL 



CONFIDENTIAL 

SHOT 10664 - LEAD CONFINEMENT 

TIME 2M. 

SHOT   10642 - KV.C. CONFINEMENT 

FIG. 30   SMEAR  CAMERA RECORDS OF 
INITIATION  OF NITROMETHANE 
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be eliminated.     This  «an  be accomplished   In   the  case of nitromethane  by 

usinK a   Inrtje  container.     For   less  plentiful   compounds a matched-wall 

container should   be  used.     We have  started   to work out  the   techniques 

for developing  such  containers  using nitromethane as a  trial material. 

Figure 31  shows  smear camera  records  of   initiation phenomena   in 

nitromethane   in  3-inch  square boxes.     Here  the walls were  far enough 

removed  frum   the  edge of   the  boosters   so   that  no   initiation   took  place 

at  the walls,   and   for all strengths  of  shock we can see  initiation  taking 

place   in   the  entering  shock without   interference.     In   the case of   the 

1.6 mm attenuator,   the shock produced  detonation  almost  immediately  upon 

entering   the  nitromethane.     The detonation was overdriven directly   by 

the original   shock.     With  the 3.1 mm  attenuator   there  is some evidence 

ot   a  reaction   time  and  a  very narrow overtake  /one.     For     the 4.7 mm 

attenuator  the  reaction  times and   the overtake  /one are measurable.     The 

new detonation   is  overdriven at  breakthrough.     At 6.3 mm both  /ones  are 

larger and  at  7.9 mm   larger still.    Measurements  from  these films  are 

given  in  Table XII. 

As a  result  of   these experiments and others   like them we have conclu- 

ded   that a  serious  perturbation arises   from  the granularity of  the  tetryl. 

(Compare the granularity of  the booster flashes  In Figs. 31a and  31c with 

irregularities   in  the  initistion  trace.)    We have also concluded  that   the 

plastic ( R-39  (polydlethyleneglycol bis-allyl carbonate) Is a satisfactory 

attenuator.     It  does not  require protection tram nitromethane or dlfluoro- 

amino  liquids.     The  asymmetry  in Fig.  31d  Is  unexplained,   but appears with 

a slightly different  shape  in two shots  at  this  attenuator  thickness. 

Perhaps  this  can  be avoided  by extreme care  in assembly of   the charge 

and explosive  container.     This series of  shots will  be repeated with 

better control. 

While «all  effects can be avoided  for nitromethane by uaing a  large 

container,   tests  of difluoroamino  liquids must be  run on smaller quanti- 

ties.    Figure 32  shows a container design  in which the wall conalsts of 

o.oui  inch  thick Mylar surrounded outside by a non-explosive compound 
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FIG. 31    SMEAR CAMERA   RECORDS OF   INITIATION OF  NITROMETHANE 
IN   3-INCH   SQUARE   BOXES OF  CR-39 
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FIG. 32   PROPOSAL  DESIGN   FOR  "WALL-LESS" CONTAINER 
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Table XII 

PRELIMINARY   INITIATION  DATA  ON  NITROMETHANE 

Shot 
Numbo r 

Attenuator 
Thickness 

mm 

Estimated 
Reaction 

Tine 

lisec 

Overtake** 
Time 

lisec 

10,983 
11.129 

10,872 
10,985 

11,128 
10,984 
10,986 

11,126 
11,124 

1.6 
3.1 

4.7 
4.7 

6.3 
6.3 
6.3 

7.9 
7.9 

0 
Ü 

0.32 
0.35 

0.9 
1.2 
1.6 

2.0 
3.3 

0 
0 

0.19 
0.19 

0.4 
0.5 
0.8 

0.9 
16 

These  times are called ebtlmates because  the 
entry   times  Into the  liquid are not  recorded 
on  these  films but were obtained   In another 
series of  shots on a similar  but  not  Identi- 
cal  plastic attenuator. 

Time  from  the  first  emission of  reaction 
light  until   the newly  initiated detonation 
overtakes  the original  «hock. 

that matches  the explosive  liquid on   the  inside.     In order  to choose a 

suitable  liquid we must determine  the Hugoniot curves for the explosives 

and  for the  inert   liquids  and see that  they natch  in  the range of  shock 

strengths  to  be studied.    Successful   tests  have been run  to detervine 

the unreactive  Hugoniot of  nltronethare.     A matched  liquid will  be 

selected and   reaction   tines  for nitroaiethane neasured   in matched-wall 

contalnera.     If  the  times determined  on  the snail  sanplea agree with 

those determined  on  the  large sanplea   the sane  techniques will  be applied 

to difluoroanino compounds.    This will  require determination  of  the 

Hugonlota of dif luoroanino compounds which we are prepared to do on 

sma11  samples . 
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E.        Future-  Work 

The   tasks   to be completrd  on   this phase of   the  program  are as 

follows: 

1. ( omplete  the determination of  the failure diameters of 
2,2~DP and   IBA   in massive  lead confinement 

2. Determine  failure diameters of   1,1-DP,   1,3-DP.   and  2,3-1)8 

3. Determine  reaction   times  of other difiuoroamlno  compounds: 

a. The equation of state of ( R-39 and  calibration of  the 
test geometry 

b. The Hugoniots  of  nitromethane and  as many  of  the six 
available difIuoroamlno compounds as   time permits 

c. Estimation of  shock sensitivity of   these compounds  in 
the matched-wall  arrangement 

4. Estimation of   the  temperatures of shocked   liquids 

5. Correlation of data  in  terms  of the  theory of  failure diameter. 
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VI      DKCWPOSITION  OF NF COMPOUNDS 

A.       Low  Pressun-  Pyrol\s.is  Studies  of  ( unipounds   1.2-DP and   2.2-DP 

(S.   W.   Benson,   C.   N.   Spokes) 

1.        In trodueti on 

The  results of Hxpenments on   the decomposition of difluoroamino 

sub  tituted  hydrocarbons  have proven difficult   to unravel.     The  follow- 

ing approaches  have been  used: 

1. Pyrolysis  of   the gases  followed  by  product analysis 

2. Pyrolysis  of   the   liquid  and  of solutions   In nitrobenzene, 
toluene,  methanol,  etc.,   followed  by  product analysis 

3. Investigation of  the effects of various  substances  as re- 
action catalysts. 

From   these  patiently  pursued experiments much useful data have 

emerged.    However,   it  has  been found  that  the experiments are plagued 

with  (a) wall-cataly/ed  effects even  in  "seasoned" vessels,   (b) auto- 

catal.sis  by   the  reaction  products,   and   (c) secondary reactions which , -> 

lead  to tar  formation  and  perhaps  loss of  important product molecules. 

Experiments  reported  under this section have chiefly dealt with the 

compounds   1,2-DP and  2,2-DP. 

2.       1,2-DP 

Analysis of decomposition products of  this  tompound has  shown  the 

presence of CHj-CNF-CN(known as MPP)  and  CHjCN plus polymeric  residue. ^^l 

HF production  autocataly/es  the self-decompositlon.**    Moat surfaces 

••  First Annual  Report,   March  15,   1962 -  March   14, 1963,   p.  33. 

'• Technical  Progress  Report 63-1,  March   15 - June 14,   1963,   p. 7. 
30 Technical  Progress Report 63-2,  June  15 - Sept. 14,   1963,   p. 17. 

■ *  Technical   Progress  Report 64-1,  Sept.   15 -  Dec. 14,   1963,   p. 25. 
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cataly/e   the d(compositlon.''     Tar  formation  Is  suppressed  by  HC1,   al- 

though HC1  does  tataly/e  the decomposition.     In  the  temperature  range 

165-20(rc  In  nitrobenzene   1,2-OP Is   ten  times as  reactive as   2,2-DP. 

The  1,2-DP decomposition  rate appears"  to be 3.7 x   lO14  exp  (-40/RT). 

In methanol  at 5U"C  both HC1  and  L1C1 enhanced  the decomposition 

rat«;  hence   the    ;iial\ti.   action   is  believed  to be anlonic  rather than 

,1. Jd.23 

3.       2,2-I)P 

The  thenral decomposition of 2,2-DP in nitrobenzene also yielded 

acetonitriie,   and   large amounts of polymeric residues.    This  suggests 

that  HF elimination  is  important  even  for  this compound.    The  rate for 

2,2-l)P was  found   to be  lower  than  that  for  1,2-DP.     HF production 

autocatalyzes   the self-decomposition  of  bulk 2,2-DP.,,     MsF and  KF 

suppress   the decomposition.31    There  is  some doubt about  the identity 

of  other products  of   thermal decomposition of 2,2-DP. 

1.       Low  Pressure Pyrol>sis 

Interpretation of  results of experiments on  the  pyrolysis of gaseous 

compounds  under the usual  conditions of  temperature and pressure is often 

difficult.    The reason is  that fragments formed from  the firs* molecular 

breakup   (initiation  process) will  continue  to react  in a  free-radical 

chain  process  until a  termination step occurs.     It  Is often  impossible 

to  identify  the  initial step by analysis of the products or by other 

standard  chemical   procedures. 

However,   if experiments could be conducted at such a  low pressure 

that analysis of products could be done before the fragments reacted, 

then  the  initisting steps  could be  Immediately elucidated.    This  is  the 

nub of  the principle of low pressure pyrolysis, which   is applied here to 

a  study of   1,2-DP. 

32 Reference 1, p. 5. 
33 Technical Progress Report 64-3, March 15 - June 14, 1964, p. 26. 
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Cold gas  is admitted to a  fused silica furnace in which some degree 

of  temperature accommodation  takes  place.     We expect fast  translattonal 

and  rotational  energy accommodation   (5  to  10 collisions)  followed  by 

rather  slower vibrational energy accommodation   (tens of  collisions). 

When  the molecule accumulates enough  internal  energy  for decomposition 

to occur,   then--since there are no stabilizing collisions   (in contrs- 

distlnction  to  the higher pressure case)—the molecule will decay  to 

fragments.    The  fragments,   stable with respect  to temperature,  will  pass 

from  the vessel   into  the mass  spectrometer without  further reaction. 

a.       Theory 

Trans lational and rotational energies,  even though they accom- 

modate quickly,  make  little or no contribution to the total molecular 

energy.     It is on  the vibrational energy of  the molecules  that we must 

focus attention since a typical molecule will have    skT of energy   (com- 

pared with only 3/2 kT in translation of 3/2 kT in rotations) and may be 

an appreciable fraction of the activation energy Ea if s ~ 20 or 30 and 

T ~ 800eK. 

The precise nature of  the interaction between molecule and wall 

will be highly complex,   for the slowly rotating molecule may be expected 

to "impact" at several different points before departing.    The chancea 

of sticking can be estimated to be email at high wall  temperatures.    The 

residence time of a "stuck" molecule may be only a few tens of molecular 

vibration  times.     If during this  time,  however,   the molecule can be de- 

composed as in a metathetical  reaction,  some perturbation of the results 

would be expected.    We expect to be able to separate such effects from 

noncatalyzed decomposition by varying the character of  the «alls. 

The sverage time taken for a molecule to acquire an energy I 

is given spproximately by 

^ ~ TTTTT W       • (l) 

where Z  la the number of collisions/sec  the molecule makes with the wall. 

s is the number of active osci11stors in  the molecule. 
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In a molecule such as i-propyl  Iodide,   for example 

H H    H 
„       Nc    i    A    H 

^fW 
the elimination of HI  requires  a  total of 43 kcal  In  the appropriate 

C-I and OH bonds. 

The very simple,  classical   theory of  unimolecular reactions 

predicts   that  for a molecule  like  i-CjH7I  to decompose in  from  10"*   to 

10~s sec,   It will have had  to have obtained about 21 kcal of  Internal 

energy  in excess of  the activation energy E0 required to aplit out HI 

at  "high" pressures.    Hence E  = 43  ♦  21  = 64  kcal.    Pro«  Iq.   (1) «e see 

that  the  total number of «all collisions,  \ to do this at  1000'K is: 

Zw ■  1000 collisions. 

This has been independently confirmed by experimeats with 

i-CjHfl.    Thermodynamics cannot tell us «hat the vibrational energy 

accommodation rates are.    We can only know that a molecule with energy 

in excess of  (s-l)kT will   tend  to lose energy and one with less energy 

will  tend  to gain energy.    We cannot,  however,  know from  theory the 

magnitude of this tendency. 

Experiments are not ao handicapped.    The variables at our 

disposition are the temperature T,   the collision number Z, and the nature 

of the wall. 

Let us briefly consider  the expected amount of decomposition 

as s function of number of collisions at fixed temperature. 

If I« — sRT then we do not expect a significant amount of 

reaction until Z^ is st  leaat of  the order of s.    Aa Z, Increases,   the 

smount of  reaction will  increase.     Prom the threahold and a lope of  the 

curve of f reaction veraua Zw we will be able to determine details of 

the energy accommodation between molecule and surface. 
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Viinatmn of  vt-sst'l   tt'mpfra t urt- »ill   pt-rmlt  di-tf-rmi nation of 

the activation mmmrgf, 

Furthtr  obvious   cxp« rimentH   sugKost   thenselve«. 

1.        addition  of  an   inrrt   carriir nan  to give enhanced  and 
control lablf   numbrr of   lollisions 

U,       Varmtinn  of   »• i< t.int   pri-ssurt-   to study   reactions  bt- 
t»ic 11  pi iKlii« t   and   n-actant   mo 1 ecu 1 es 

Ü.        Vntintion   "f   »all   material   tu  study   the  effects   of 
catalytic   »alls. 

b.        Kxp« nmenta 1 

A general M hematic- of the apparatus is pictured In Fig. 33. 

Cold gas passes through a needle valve to the fused silica collision 

(hamber.  After approximately KM) collisions the molecules pass into 

the mass spectrometer and are then pumped away by a fast diffusion pump. 

Gas pressure in the spectrometer (as measured by an ion gauge) is kept 

belo« 5 x 1U s Torr. The mass spectrum does not depend on spectrometer 

chamber pressure in the range» of 0.5 x 10"5 to 5 x 10"5 Torr.  The gas 

pressure in the  reactor" may be fifty tines the pressure measured by 

ion gauge. 

The apparatus consists of four main sections:  the gas handling 

system; the collision chamber furnace and furnace power supplies; the 

quadrupole mass spectrometer and its associated electronics, includiriK 

detection and recording apparatus; and the vacuum system for the spectrom- 

eter. 

Gas Handling System—The  gas handling system has been made 

simple.  Explosion hazards are mlnlmi/ed by keeping the gases confined 

t > a small part of the system.  The dead space between the spectrometer 

inlet valve and the sample bottle's bellows valve Is evacuated simply 

by opening the inlet valve. 
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The Collision  Chamber—Again a  Simple design  has   been  adhered 

to   (see  Fig.   34).     The  chamber was made  from   fused  silica   by an SRI 

Klassblouer.     The gas   supply   tube  is water-cooled   in order   to ensure 

a  steep  temperature  gradient  near  the entrance   to  the   furnace.     The gas 

passes  down a  capillary   into  the   furnace.     A gas  baffle  obstructs  the 

passage of  the gas  emerging  from   the capillary.     Very   little reacted gas 

can  flow  back up  the  capillary.     The gas molecules  impact with  the walls, 

the approximate collision number being given  by  Zw  where 

Total   internal  surface area  of  vessel 
Zw ■ Area of exit aperture 

The collision chamber is heated by a pair of 4-inch-long 

"«lam shell" heaters which supply the bulk of the heating power.  A 

pair of small Nichrome elements are located near the top and the bottom 

of this furnace and permit the temperature to be made uniform (within 

ST) up to lOOOT.  Temperature is monitored at 6 points using chromel- 

nlumel thermocouples. 

The Quadrupole Mass Spectrometer—A quadrupole mass spectto- 

meter has been used for these studies (see Fig. 35).  (The device is 

described in Ref. 24).  Spectra have been scanned at frequencies 3.5 

and 2.7 Mcs with a voltage sweep to cover the mass ranges 5-76 and 

1U-15Ü.  When the instrument Is In good adjustment, unit masses can be 

separated at up to 150 AMU. Quantitative reproducibi11ty and sensi- 

tivity leave something to be desired however.  The quadrupole spectrum 

is linear with applied voltage.  This makes peak identification rela- 

tively easy. 

The output from the particle multiplier is taken directly Into 

the preamplifier of a Tektronix 535 A oscilloscope.  Photographs of the 

screen are taken with a Polaroid camera.  Measurements of the positive 

film are made using a Telereadex film reader.  The pictures are rendered 

translucent with a compound called "No Scratch." 

24 "Quadrupole Mass Spectrometers," Philip Rice. Stanford Research Insti- 
tute. First Interim Report on Contract DA-44-OÜ9-ENG-5127, 30 April 

1963.  AD 4Ü7494-L. 
Manufactured by Edwal Scientific Corporation, Chicago, Illinois. 
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The Vacuum System—The spectrometer Is housed in a 10 Inch ID 

alaminum vacuum vessel.  A 5 inch diameter diffusion pump (NCR type HS4- 

750). cold baffle, and Tamescal manifold gate valve are used.  A small 

1 lock diameter booster diffusion pump (not shown in the diagram) ensures 

a lo» fore pressure for the main diffusion pump. 

c.   Results 

Experiments on  the   low  pressure  pyrolysls  of   1,2-DP have  been 

started   and   preliminary  results   obtained. 

Decomposition  begins  at about  600nC  in our   lOO-colllsion  ves- 

se1.     It   is about  5(*{   at  7UUnC.     At 900",   decomposition   is  essentially 

<otnplete. 

Mass peaks prominent in the parent molecule are found at 47 

and 66. As decompositinn proceeds these peaks drop to a small height 

and new ones at 33 and 52 AMU became prominent. Mass 20 also becomes 

more evident. 

The chief decomposi tion mechanisms which we have considered are; 

(1) NFt elimination  followed  by a aecond NPt  elimination; 
products are simply propylene and  SFt  molecules 

(2) NF, elimination followed by a cyclic  transition state 
rearranftement of   the  fluorines  to give  the molecules 

CHjCHFCH.-NF 1 
and 

CHJCHNFCHJF      II 

The extra energy acquired from the rearrangement 
will make the radical   I  unstable and  lead  to producta 
CHj-CHF and HaC  = NP.    Similarly,   II «ill decompose  to 
(HjCH s NF ♦ CHaF or CH.PCH - NF « CH, ;   theae producta 
may  further decompose  to CH,CN ♦ HF or to CHaFCN ♦ HF. 

(3) HF elimination   to give CHjCNFCHtNFa.   Ill,   or  the  iaomer 
CHjCHNFjCHNF,   IV.    These molecules may undergo further 
HF elimination to give,  as producta,  CHaClfPCHNF or even 
CHjCNFCN from  III  and CHsCnfFaCN and CHaCNPCN from   IV. 

(4) Other routea auch  aa auccesaive HP,  NPa  eliminationa will 
be considered  if  future evidence should so demand. 
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Whil«* »«   have accumulated  a  considerable amount  of data  on 

1,2-DP,   they  have  not   been completely  analyzed »wing   to   lack of  frag- 

mentation  patterns  of   intermediate compounds  and  product  species.     The 

same  is   true of 2,2-DP,   although we have  fewer data  for  this compound. 

However,   preliminary   inspection of   the data   Indicates   the 

following   to be   true: 

(1) 2,2-DP decomposes   faster   than   1,2-OP  in our  system 

(2) Decomposition of   1,2-DP gives  as one of   the major 
reaction paths,   C3Hn   *  2NF,. 

(3) Most of the main features of the 1,2-DP decomposition 
can be accounted for by assuming an Initial NF, split 
out  followed  by a  rearrangement as already described. 

(4) There  Is no evidence  for  catalytic decomposition of 
either compound  on  the quartz walls. 

B.       Decomposition   In Solution 

(David Ross,  Theodore Mill, Marlon Hill) 

1.       Introduction 

The decomposition of  1,2-DP was  Initially studied  st   150-200°  and 

was made on  the neat   liquid or a solution of  the material  in an aprotlc 

solvent  such as nitrobenzene.     The decomposition yielded as  the major 

volatile  product  2-(N-fluoroimino)-propionitrile  (NPP),   formed  by  the 

loss of  three molecules of HP from  1,2-DP.     The substrste  initially 

disappeared with a  first-order half-life  of about  19 hours.     However, 

after 3  to 4  hours,   the decomposition became autocatalytlc.     The auto- 

catalysis WSF  supressed by addition of sodium fluoride.    The  initial 

disappearance of   1,2-DP was markedly accelerated by the addition of 

HF and  HC1  as well  ss  KP,  glass wool,   and Teflon. 

IBA,   1,3-DP,   and  2,2-DP were studied   in a similar manner.     In all 

rases  autocatalysis  wat» supressed  by addition of aodium  fluoride.     The 

relative instability of the NF, compounds  studied at 17**  Is   1,2-DP < 

IBA <   1,3-DP < 2,2-DP with relative rates of decomposition In  the ratio 

10:3:3:1. 
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2.       DcToitiposl tiun Studies  at   50" 

a.       1,2-DP—The  studies  discussed above suggest   that  the 

dmcampomition of NFt  compounds proceeds  through successive dehydro- 

fluorinations  cataly/ed  by either acid,   base,   or  both.     The nature of 

this  catalysis has  been determined   through a series of experiments at 

50"   in  protic  solvents.     The decomposition of   1,2-DP was   found   to proceed 

il   a   reasonable   rate  under   these  conditions. 

The disappearance of   1,2-DP and simultaneous  formation of NFP 

in methanol,   followed  semlquantitatively by gas  chromatography,  had a 

half-life  of  several  days.     The   reaction was  accelerated   five-  to  ten- 

fold  by  both  added  neutral   salts,   such as  L1C1  and   L1C10«,   and  acids, 

HCl   and   HjSf^ . 

A method was developed  for quantitatively following the rate 

<>f decomposition of NFa  compounds.     The reactions were carried out at 

50"   in 904  water-10^ dioxane and  the progress of  the reaction deter- 

Miined  by  periodically withdrawing allquots and  titrating for  liberated 

fluoride.     Fairly good   first-order  plots were obtained  to better than 

two half-lives.    Thus  far,  only data on 1,2-DP are available.    The con- 

centration of substrate  in  these runs was on  the order of   10"*  to 10"3 M. 

No autocatalysis was observed  and  NFP was the sole product.     The results, 

tabulated   In  Table XIII,   show  that  no acid catalysis   took place.     A de- 

tailed discussion of  these  results appears below. 

one difficulty experienced  In this kinetic work was  that at 

the completion of  reaction,   the  concentration of  fluoride Ion corre- 

sponded to about  two molecules of HF  liberated  per  1,2-DP molecule. 

NFP was  the only product observed.)     The formation  of NFP fro«  1,2-DP 

requires,  of course,   the   loss of  three molecules of HF.    Studies of the 

F19 NMR spectra of the reaction mixture showed,   In addition to peaka 

(r..m  the products NFP and HF,  a multiplet at 4  151 ppm  from CPClj.    This 

same multiplet,   in addition   to a peak for HF,  was observed  In  the F1* 

NMR of a   10<| solution of HF in a glass NUR tube.    The signal  at  ♦  151 ppm 
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Table XIII« 

DECOMPOSITION OF   1,2-DP  in  90* WATER-10$ DIOXANE AT 50" 

Cond111 ons kobs x   10«   (sec-«) 

1.96M  HC1 

1.97M DC1 

2M NaCl 

2M KF 

No acids nor salts added 

1.33,   1.43,   1.46b'c 

107   (kH,oAD,0 "   1-32) 
1.05 

fast*1 

1.29 

aThe concentration of  1,2-DP in all  runs was 6.8 x   10*3 M 
unless  noted  otherwise 

A  fourth  run  gave  1.16 x  10"4  sec-1 

cThe concentrations of  1,2-DP in  these  runs were 3.4 x  10" 3  M, 
5.2 x   10'3  M,   and 6.8 x  10"3  M respectively. 

dThis run was  followed through its developing acidity.    The 
1,2-DP disappeared completely within a few minutes.    This 
reaction is too rapid to be followed  by this method. 

is evidently that of fluorosilicates and  fluoroborates formed by the 

action of HF on glass.     Thus the "missing" fluoride in the kinetic 

runs,   fortuitously corresponding  to about one equivalent of HF,  was 

lost in the reaction of  the liberated HF with  the walls of the glass 

reaction vessel.     Indeed,   it was noted that  the flask used  for these 

rins had,   after several  runs,   become Just visibly etched.     (Note:    The 

concentration of HF In these experiments was rather low, about 0.01 

molar.) 

Experiments were conducted  in polyethylene and FEP-fluoro- 

carbon bottles  in which weighed quantities of   1,2-DP in 90* water-101 

dloxane were heated at 50s for about ten half-lives.    The results for 

liberated  fluoride ion were erratic,  and  the bottles seemed to become 

slowly conditioned with repeated runs.    Even with bottles preconditioned 

to HF,   the best value obtained was 2.6 equivalents of HF per equivalent 

of   1,2-DP. 
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The reaction of HF with glass should offer no difficulty to 

the kinetics.  It is expected that perhaps small corrections will have 

to be made on the results in Table XIII and all subsequent results. 

The gross features of the data, of course, will remain unchanged. 

b-   2,2-DP—Similar studies were carried out on 2,2-DP.  It 

was found, however, that this isomer is stable under these conditions. 

Thus, no fluoride was liberated in experiments in which 2,2-DP was heated 

at 50° for several days in 90%  water-10^ dloxane. Solutions of the 2,2 

isomer containing 2 M KF and 2 M KOH remained unchanged over several days 

at 50°, and the 2,2 isomer was recovered unchanged.  In contrast, similar 

solutions containing the 1,2 or 1,3 isomer became colored after a matter 

of minutes and none of the reactants could be recovered. 

c.   1,3-DP—Preliminary experiments with the 1,3 isomer show 

that at 50n in 904 water-10^ dloxane decomposition occurs more slowly 

than with 1,2-DP. The resulting solutions are acidic and yield no iden- 

tifiable products. Malononitrile, CHa(CN)9, would be the expected prod- 

uct; traces of it were found in the thermal studies. However, CH|(CN), 

can easily undergo any of a number of condensation and hydrolysis reac- 

tions under acidic conditions. Thus its isolation from such conditions 

is not very likely. 

3. Promotion of the Decoiposltion by Vsrioua Bases 

Both 1,2-DP and 1,3-DP are readily dehydroflurrinated by a variety 

of bases.  Among them are triethylamine, pyridine, and sodiian acetate. 

NFP was isolated from the 1,2 isomer. However, no identifiable products 

were derived from the 1,3 isomer. 

4. Discussion of  the Mechanism 

The decomposition of NFa compounds at higher temperatures In aprotic 

solvents  is  probably a surface-catalyzed decomposition.     In water-dloxane, 

however,   the ease with which dehydrofluorination occurs  implies sons sol- 

vent participation.    The absence of acid catalysis suggests   that water 

is probably acting as a base in promoting the elimination.     Hie ready 
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promotion of   the elimination proceaa  by  the addition of KF la explained 

by  the fact   that an aqueous  solution  of a  fluoride aalt  la  slightly  ba- 

sic  (pH — 9) due  to hydrolysis of  the fluoride  to HP.    And,  aa  previously 

stated,   the elimination  is promoted  by  base. 

There are  two courses of reaction  traditionally proposed for simple 

elimination of   this  type.    The substrate nay either rapidly and  reversl- 

bly  lose a  proton and  then slowly  liberate  fluoride ion   (mechanism  1), 

or  the substrate may  lose HF In a concerted process   (mechanism  2).    While 

(2)  Is  followed  In  the majority of eliminations,   (l)  la followed  by some 

compounds  In which  there are strongly electron-withdrawing groups.*5 

HjO + H-C-N^       *    HaCf   + - C-N ^ 
I F I p 

r  + C»MF 
/ 

(1) 

HfO    ♦ H- C - Nv—♦H,0+   ♦ r   ♦ C«M-F 
I F I 

(2) 

It Is thus conceivable that the elimination here proceeds  through the 

carbanion mechanism,   (l), due to the highly electronegative MPt groups. 

To determine which path was  followed  in  these deconpoaltlona,   sodium 

acetate and   1,2-DP were diaaolved  in CHaOD,  and the mass apectruai  taken 

after about half of the 1,2-DP had disappeared.    There was no incorpora- 

tion of deuterium into the unreacted  1,2-DP.    Thua,  the concerted process, 

(2) is the one followed. 

The decompositon of  1,2-DP in nitrobenzene could follow a variety 

of routea.    The fact that there is no acid catalysis in an aqueoua 

'* J. Hine,   R. Wiesboeck,  R. G.  Shirardelli,  J. km. Che«. Soc. 83,   1219 
(1961). 
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medium does not  rule out  such • scheme operating  In • nonprotlc media. 

However,  general  base catalysis  Is Just as   likely.     We cannot at  this 

time draw any definite conclusions concerning  the decomposition under 

these conditions. 

The decomposition In methanol  is accelerated by added salts and 

acids  probably because  these materials  Increase  the  Ionic strength of 

the medium. 

3.       Future Work 

Rates of decomposition of several more NFj compounds will be ob- 

tained.  Products will be isolated and Identified whenever possible. 

A confirmation of the role of water in the decomposition will be made. 
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VII  PROGRAM ORGANIZATION 
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\PPENI)IX  A 

Adaptation   <>f   tht-   JANAF B<)t)St«T  Test:      Data   Rcduitlon 

(A.   B.   Arnstcr,   J.   A.   Ncff) 

The «quation    for   reducing   the data   from   the witness  plates   is 

derived  as   follows; 

Assume  the   following: 

1. There   is  a   small,   finite,   but   reproducible   time   for a detonation 
to propagate  across  explosive   interfaces.     This   Is   frequently 
referred   to  as  an   "induction   time." 

2. The   time   required   for   two detonations  which originate at  a 
(ommon  point   and  meet  at a  point  x   is   the  same  for two 
corresponding  paths. 

3. The detonation  velocity of  explosives   Is  a  reproducible  func- 
tion   of  environment. 

(»ur  notation   is   as   follows: 

P =  lengths of  MDF,   the subscript  denotes  the particular  branch 

P0 =  length «»1  MI)F from  tetryl  booster  that  Initiates  the explo- 
sive on witness   plate 

V = detonation  velocity of  any  P with  corresponding subscript 

Vs  = wave  velocity within sample 

Vw = detonation  velocity of standard explosive used 

L = distance  between opposing points of   initiation  for each 
sheet   explosive   finger 

x  = point     i   which detonations meet;  measured   from MDF 

ds     - distances   between  MDF on  sample  cup 

dw distanc cs   between  corresponding strips  of explosive on 
witness  plate 

ds  = distance  from   tetryl  pellet   to first  MDF 

dw ■ distance  from  the start to strip  1 on witness plate 

u ,T|  ■ small,   unknown,   but  reproducible delay or  Induction  times 
in  transition  from  cup to MDF and MDF to EL-506-D. 
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The  time rcquirt'd   for   the detonation   to  travel   from   the  tetryl 

throujjh   th«' sample tup,   the  first  "finger" of MDF and  to point x,   In 

the  sheet explosive  Is: 

ds P. x. ,, v 11 = v~ * " + vt ' r' * 7* (i) 

The time required for the detonation to travel fron the tetryl through 

the "start" branch of the MDF and to x, through the sheet explosive 

from the opposite direction Is: 

ti   v^ ♦ '. + v" 4 "V (2> 'o      ¥*   ¥w 

Equating (1) and (2) and rearranging terms: 

ds   PQ  P
»  d*  L-2x 

v.  Vo  v. + Vw '  v* 
(3) 

Similarly,  by equating  the  times of  travel  from the  tetryl  to point x, 

in   the second  finger of  sheet  explosive; 

ds   + ds'       Pa       P.       dw  ♦ d*'       L-2x. ... 

v, v0    v, vw vw 

Subtracting  (3) from   (4) and noting that  P,   ■  P,  and V!  ■ Va: 

Va da' 
Vw  

B dw'   « 2(x1-xt) 

Vw,  ds',  d*'  are conditions of  the experiment;  x,  and xt are 

mensured;   therefore V    can be calculated. 

(5) 
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APPENDIX  B 

A  Thermistor as  a Combination  Liquid  Level 
and Temperature Sensor 

(Donald  Baker Moore) 

Experiments which  Involve  remote handling of  hazardous  condensable 

gases  su'h  as modern monopropeHants  often  require  temperature monitor- 

ing and  positive   Indication  that condensed   liquids have  reached certain 

container   levels.     The simplest  systems,   including sight glasses  and 

floats,  may  be  unsuitable because of  potential  explosion or other person- 

nel  hazards.     More  sophisticated methods,   including acoustic or electri- 

cal  resonance measurements,  optical  refraction,  or nuclear means,  may be 

unnecessarily complex or  the probe-sensing element may be too expensive 

for a potentially expendable system.     Such devices also require an  addi- 

tional   temperature-measuring probe which  is often a thermocouple.     A 

thermocouple alone   is  frequently  Inadequate since the saturated  vapor 

and condensate often may be at  the same  temperature. 

A  thermistor element such as  the VECO 32A11  (Victory Engineering 

Co., Springfield,   New Jersey)  is used  in  this  laboratory  to combine these 

measurements with one inexpensive probe.    A small, measured direct cur- 

rent in  the range of one to ten milliamperes  is passed  through a thermis- 

tor sealed into the experimental chamber at  the deaired  level.    The po- 

tential drop across   the  thermistor is measured.     This yields  both   the 

resistance and  power dissipated  in  the device.    The resistance  la  com- 

pared with the  thermistor specifications  to find  the Internal  temperature 

of  the probe.    This  temperature is  then plotted against the power dissipa- 

tion figure.    A second measurement at a different input current designates 

a second point on the graph.    A straight  line  through these points  Inter- 

cepts  the axis of  zero power dissipation at a value corresponding  to the 

temperature of   the probe environment.    The slope of this   line   (or  its 

reciprocal)  in milliwatts per degree measures the thermal conductivity 

of the probe environment.    This will usually be found to vary by an 

appreciable factor between the liquid and gas states,  and will be char- 

acteristic of  the sample material. 
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Figure B-l shows same test data on this system using Freon 12 as 

a sample gas.  In this case the thermal conductivity changes by nearly 

a factor of four as the probe environment changes from gas to liquid. 

This system Is useful at probe temperatures up to 300eC and has 

been used In liquids at -HOT, although at very low temperatures some 

care may be required to keep the thermistor's Internal temperature 

above that of its environment to prevent its resistance from becoming 

impractlcally large. 

The measurements are most conveniently made with a measured or 

constant current supply and a potentiometrlc voltage recorder. The 

thermal time constant for the usual thermistor varies from one or two 

seconds in a liquid to approximately twenty-five in a gas, so while 

the indication is not continuous it can be relatively rapid.  Obviously, 

reduction of the observations can be facilitated by suitable graph«. 
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M  »U^ALKMIMTAHV MOTE« II   IPONtOftINO MIUTAMV ACTIVITY 

Office of Naval Research,  Washington,  D.C 

11   ASSTHACT 

Under the sponsorship of ARPA and the Office of Naval Research, Stanford 
Research Institute is studying fundamental sensitivity properties of difluoroamim 
compounds in the following situations. 

1. The detonation characteristics including the shock sensitivity of the 
liquid phase 

2. The relation of shock sensitivity and failure diameter to the flow and 
the chemical reaction rate behind the shock frort 

3. The mechanism and kinetics of thermal decomposition of the compounds in 
solution and in the liquid phase. 

These interrelated situations were chosen for their susceptibility to analysii 
in terms of basic physical and chemical parameters, lach study is being carried 
nut on l,2-bis(dlfluoroamlno}propane (l,2-DP) and 2,2-bls(difluoroamino)propane 
i2,2-DP),  in  order to assess the Importance of structural variation. Thermal 
decomposition studies have also begun on 1,3-bis (difluoroamlno)propane (1,3-IV). 

A.  Detonation Sensitivity. The shock sensitivities of 2,2-DP and ISA have been 
measured. The 2,2-DP sensitivity was found to be 13.2 ± 0.5 mm of Plexiglas in 
lead cups f9j5 mm I.D. x 2 mm wall). The ISA sensitivity was measured in lead 
cups (20 mm I.D. x 2 mm wall) and found to be 14.4 ± 0.2 mm of Plexiglas. The 
effect of the detonation sensor, a continuous wire mounted in a holder, was 
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13. ANSTRACT (cont'd.) 

invostlKntcd.  It was concluded that a wire reachlnn to the donor-acceptor 
interface can cause an apparent increase in sensitivity, but a wire reach- 
ing halfway into the test liquid does not affect the sensitivity for the 
charee length used.  From streak camera photographs of the sensitivity 
test, it appears that Initiation occurs at the tube walls.  There may 
also be an Initiation effect, as yet unexplained, caused by the type of 
material which seals the test cup bottom.  The donor-attenuator calibration 
has been checked and a large amount of scatter was noted, probably caused 
by Irreproduclbility of the donor components. 

B. Low Velocity Reaction Waves. Low velocity reaction wave« have been 
observru In a mixture of 9016 (by weight) nltromethane - lOlfe tetranltromethane 
in steel tubes 25.4 mm 1.0. x 6.35 MI wall. The average velocity In the 
liquid is 1.5 ram/^sec and the average recorded shock pressure about 13 
kbars. By observing this mixture in sample containers of CR-39 and of 
aluminum, steel, -nd lead, all equipped with windows made of CR-39, the 
precursor wave in the sample container walls and the slower reaction 
wrM'e In the liquid mixture has been seen. The average velocity in the 
liquid is 1.5 ± 0.4 mm/usec and is independent of container material. 

C. Detonation at Low Temperature«. Two methods for determining the 
detonation velocity have been successfully adapted to distinguish between 
detonating and nondetonating phenomena at cryogenic temperatures. The 
methods are (l) the modified Dautrlche method which compares the detonation 
velocity of a known explosive with that of the test material, and (2) the 
continuous resistance wire method. Both method« confirm that liquid 
perfluorohydrazlne does not detonate under the test conditions. 

D. Failure Diameter and Reaction Time. The failure diameter for a 
Chapman-Jouguet detonation wa  in 1,2-BP in massive lead confinement Is 
between 1.6 and 2.0 am.  Failure diameter determinations for 2,2-DP and 
IBA are partially completed. The detonation velocity of 1,2-DP was 
measured as 5.89 ± 0.05 mm/usec at 37°C with the liquid confined in a 
23 mm I.D. by 6.3 mm CR-.9 plastic tube.  Hugoniot curves are being 
determined for Plexiglas, CR-i9, nltromethane, and difluoroamino compounds. 
Preliminary measurements have been made of the reaction time of nltromethane 
as a function of Plexiglas attenuator thickness. Methods for the measure- 
ment of reaction time In difluoroamino compound« are being refined. 

E. Low Pressure Pyrolyai«. The thermal decomposition of 1,2-DP and 
2,2-DP has been studied by passage of «mall quantitie« of the compounds 
into a heated quartz vessel at pressure« «o low thpt only gas-wall 
collisions occur. Products emerging by diffusion were analyzed by a 
mass spectrometer.  Results of preliminary observations of 1,2-DP «nd 
2,2-DP decomposed at 600-900°C show that (a) 2,2-DP decompose« faster than 
1,2-DP in our system; (b> decomposition of 1,2-DP give« a« one of the 
major reaction paths: CjHg + 2NFt; (c) most of the main feature« of the 
1,2-DP decomposition can be accounted for by assuming an initial NPS «piit 
out, followed by rearrangement; (d) under the«e condition« there seems to 
be no need to propose « homtgeneou« HF elimination for either 1,2-DP or 
2,2-DP; and (o) there i« no evidence for catalytic decomposition of either 
compound on the qu&rtz wall«. 
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13. AUSTRAGT Uonl'U. 

ft       Docomposition of SV  Compounds in Solution.  Early studios suKgcstcd 
that the thermal deeomposition of SF  compounds proceeded through a 
dehvdrofluorination c talwed bv acid, base, or both.  Studies during 
this report period in 10* dioxane-w.iter at 50 with 1,2-DP show that th.re 
is no acceleration of decomposition by addition of HC1 and thus, at 
least under these conditions no acid catalysis.  The dehydrofluorinat ion 
of NK compounds is most likely promoted by water, acting as a base in the 
.1 imin.it ion reaction.  Experiments in methanol-d show that the elimination 
is probably a concerted one. 

Studies with 2,2-DF indicate that for these same conditions it is 
completely stable. Th> 1,3 isomer, from a qualitative study, decomposes 
more slowly than does 1,2-OP.  Furthermore 1,2-DP and 1,3-OP readily under- 
go dehydrofluorination in the presence of base. 

CONFIDENTIAL 
 ■ —— i wmmmmm—m 


